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Devwudfw
Wklv sdshu h{dplqhv wkh h{whqw wr zklfk frqfoxvlrqv ri furvv0frxqwu| vwxglhv
ri sulydwh vdylqjv duh urexvw wr doorzlqj iru wkh srvvleoh khwhurjhqhlw| ri vdylqj
ehkdylrxu dfurvv frxqwulhv dqg wkh lqfoxvlrq ri g|qdplfv1 Lw surylghv d uhylhz
ri wkh hfrqrphwulf lpsolfdwlrqv ri qhjohfwhg vorsh khwhurjhqhlw| dqg g|qdplfv
iru wkh {hg hhfwv hvwlpdwruv urxwlqho| xvhg lq vxfk vwxglhv/ dqg looxvwudwhv wkh
qdwxuh dqg h{whqw ri wkh eldvhv lqyroyhg e| d uh0h{dplqdwlrq ri wlph vhulhv gdwd
iurp 54 RHFG frxqwulhv suhylrxvo| dqdo|vhg lq wkh olwhudwxuh1 Wkh sdshu vkrzv
wkdw qhjohfwlqj khwhurjhqhlw| dqg g|qdplfv lq furvv0frxqwu| vdylqjv uhjuhvvlrqv
fdq ohdg wr plvohdglqj lqihuhqfhv derxw wkh nh| ghwhuplqdqwv ri vdylqjv ehkdylru1
Li glhuhqfhv dfurvv frxqwulhv duh ljqruhg/ rqh fdq ryhuhvwlpdwh wkh lq xhqfh ri
fhuwdlq idfwruv rq wkh sulydwh vdylqjv udwhv dqg dw wkh vdph wlph rewdlq kljko|
vljqlfdqw/ exw vsxulrxv/ qrqolqhdu hhfwv iru vrph ri wkh srwhqwldo ghwhuplqdqwv1
Wkh uhvxowv lqglfdwh wkdw dprqj wkh pdq| yduldeohv frqvlghuhg lq wkh olwhudwxuh
rqo| wkh vfdo yduldeohv  wkh jhqhudo jryhuqphqw vxusoxv dv d sursruwlrq ri JGS
dqg wkh udwlr ri jryhuqphqw frqvxpswlrq wr JGS vhhp wr eh wkh nh| ghwhuplqdqwv
ri sulydwh vdylqjv udwhv lq wkh lqgxvwuldo frxqwulhv lq wkh srvw zruog zdu LL shulrg1
MHO Fodvvlfdwlrqv= H54/ F561
Nh| Zrugv= Vdylqj Ehkdylru/ Furvv0Frxqwu| Vwxglhv/ Vorsh Khwhurjhqhlw|/ G|qdplfv/ Sdqho
Gdwd Prghov1
Kdtxh dqg Vkdupd duh dw wkh LPI Lqvwlwxwh ri wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg1 Wklv
sdshu zdv zulwwhq zkloh Shvdudq zdv d ylvlwlqj vfkrodu lq wkh LPI*v Uhvhdufk Ghsduwphqw1 Wkh
dxwkruv zrxog olnh wr wkdqn Pdq}rru Jloo dqg Eurrnv Gdqd Fdoyr iru uhvhdufk dvvlvwdqfh/ Fodluh
Dgdpv iru surylglqj khos zlwk wkh gdwd/ Mdphv Plwfkhoo iru vrph suholplqdu| gdwd dqdo|vlv/ dqg
Plfkdho Elqghu/ Urq Vplwk dqg Dqguhdv Slfn iru khosixo frpphqwv1
41 Lqwurgxfwlrq
Wkhuh duh pdq| lpsruwdqw hpslulfdo lvvxhv wkdw wkh djjuhjdwh sulydwh vdylqjv
ehkdylru olwhudwxuh dwwhpswv wr dgguhvv1 Wkh uvw lv wkh vwloo xquhvroyhg txhvwlrq
ri zkhwkhu kljkhu sulydwh vdylqjv suhfhgh lqfuhdvhv lq jurzwk lq wkh jurvv grphvwlf
surgxfw +JGS, ru zkhwkhu kljkhu jurzwk lq JGS lv wuljjhuhg e| rwkhu idfwruv
dqg kljkhu sulydwh vdylqjv duh phuho| d uhvxow ri kljkhu lqfrph ohyhov dv zhoo dv
JGS jurzwk udwhv1 Hylghqfh surylghg e| Fduuroo dqg Zhlo +4<<7, vxjjhvwv wkdw
jurzwk Judqjhu fdxvhv vdylqjv/ dqg hyhq wdnlqj lqwr dffrxqw wkh vkruwfrplqjv ri
Judqjhu fdxvdolw|/ wklv fdq eh lqwhusuhwhg dv vd|lqj wkdw kljkhu jurzwk suhfhghv
kljkhu vdylqjv1 Wklv vwloo doorzv iru wkh srvvlelolw| wkdw zkloh wkh lqlwldo lpshwxv wr
jurzwk vkrxog eh vrxjkw lq rwkhu idfwruv/ wkh surfhvv ri +udslg, ghyhorsphqw pd|
lqyroyh d yluwxrxv flufoh zkhuhe| kljkhu jurzwk ohdgv wr kljkhu grphvwlf vdylqjv
zklfk lq wxuq wkurxjk udlvlqj grphvwlf fdslwdo irupdwlrq ohdgv wr hyhq kljkhu
jurzwk udwhv1
Wkh vhfrqg nh| txhvwlrq lv zkhwkhu sulydwh vdylqjv duh dhfwhg e| vfdo srolf|
yduldeohv/ lq sduwlfxodu wkh sxeolf vhfwru vfdo edodqfhv dqg wkh djjuhjdwh ohyho
dqg frpsrvlwlrq ri jryhuqphqw h{shqglwxuhv1 Uhfhqw uhvhdufk vhhpv wr vxjjhvw
wkdw djjuhjdwh sulydwh vdylqjv gr rvhw pryhphqwv lq sxeolf vdylqjv/ dowkrxjk
vwulfw Ulfdugldq htxlydohqfh grhv qrw krog1 Wkh irfxv ri wkh fxuuhqw uhvhdufk
kdv ehhq rq lghqwli|lqj wkh pdjqlwxgh ri wklv rvhw dqg hydoxdwlqj wkh fkdqqhov
wkurxjk zklfk vxfk ehkdylru pdqlihvwv lwvhoi dw wkh plfurhfrqrplf ohyho1 Lq wklv
frqwh{w/ rshqqhvv ri hfrqrplhv dqg dffhvv wr lqwhuqdwlrqdo pdunhwv kdyh dovr ehhq
h{dplqhg wr xqghuvwdqg krz dffhvv wr iruhljq vdylqjv pd| lq xhqfh djjuhjdwh
sulydwh vdylqjv1
Wkh wklug vhw ri lvvxhv lv uhodwhg wr dqdo|}lqj wkh hhfw ri ghprjudsklf fkdqjhv
dqg wkh uroh sod|hg e| wkh surylvlrq ri vrfldo lqvxudqfh1 Lq sduwlfxodu/ lqwhuhvw
kdv irfxvvhg rq krz fkdqjhv lq wkh ghshqghqf| udwlr duh olnho| wr dhfw sulydwh
vdylqjv dqg zkhwkhu vxfk ehkdylru lv prglhg e| wkh suhvhqfh dqg ghvljq ri
shqvlrq v|vwhpv dqg vrfldo vhfxulw|1
Rwkhu srvvleoh ghwhuplqdqwv ri wkh vdylqjv ehkdylru kdyh dovr ehhq frqvlghuhg>
vxfk dv wkh udwh ri lq dwlrq dqg lwv yduldelolw|/ fkdqjhv lq wkh whupv ri wudgh/
eruurzlqj frqvwudlqwv/ wkh ghswk ri wkh qdqfldo v|vwhp/ dqg pdfurhfrqrplf dqg
srolwlfdo vwdelolw|1 Zkhwkhu vxfk idfwruv kdyh vkruw0whup hhfwv ru zkhwkhu wkh
lq xhqfhv duh orqjhu odvwlqj kdv jhqhudoo| qrw ehhq dgguhvvhg lq wkh olwhudwxuh1
Lq sduw wklv lv gxh wr d odfn ri d wkhruhwlfdo iudphzrun iru dqdo|}lqj vxfk idfwruv
dqg lq sduw ehfdxvh jrrg hpslulfdo sur{lhv iru yduldeohv vxfk dv qdqfldo ghswk
dqg srolwlfdo dqg hfrqrplf vwdelolw| duh qrw dydlodeoh1
Prvw uhfhqw vwxglhv kdyh xvhg pxowl0frxqwu| sdqho gdwd wr h{dplqh wkh ydul0
rxv lvvxhv udlvhg lq wkh olwhudwxuh derxw djjuhjdwh sulydwh vdylqjv ehkdylru1 Dq
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hduo| furvv0frxqwu| vwxg| ri krxvhkrog vdylqj lq ghyhorslqj frxqwulhv zdv sur0
ylghg e| Vfkplgw0Kheeho/ Zhee dqg Fruvhwwl +4<<5,1 Rwkhu surplqhqw h{dpsohv
duh Fduuroo dqg Zhlo +4<<7, phqwlrqhg deryh dqg uhodwhg uhfhqw vwxglhv e| Dw0
wdqdvlr/ Slffl dqg Vfrufx +4<<;,/ Rjdnl/ Rvwu| dqg Uhlqkduw +4<<8,/ Hgzdugv
+4<<9,/ Pdvvrq/ Ed|rxpl dqg Vdplhl +4<<8,/ Gd|do0Jxodwl dqg Wklpdqq +4<<:,/
dqg Fdoohq dqg Wklpdqq +4<<:,1 Fduuroo dqg Zhlo +4<<7, edvh wkhlu dqdo|vlv rq
gdwd iurp 97 frxqwulhv +RHFG dqg ghyhorslqj, ryhu wkh shulrg 4<8;0;:1 Wkh|
uhsruw {hg0hhfwv uhjuhvvlrqv ri jurzwk rq wkh vdylqjv udwhv dqg ylfh yhuvd xvlqj
qrq0ryhuodsslqj 80|hdu dyhudjhv1 Dwwdqdvlr/ Slffl dqg Vfrufx +4<<;, dovr irfxv
rq wkh jurzwk0lqyhvwphqw0vdylqj lqwhu0olqndjhv dqg hvwlpdwh frxqwu|0vshflf vdy0
lqjv2jurzwk udwhv uhjuhvvlrqv iru d sdqho ri 456 lqgxvwuldo dqg ghyhorslqj frxqwulhv
ryhu wkh shulrg 4<940<71 Rjdnl/ Rvwu| dqg Uhlqkduw +4<<8, rq wkh rwkhu kdqg
surylgh dq hpslulfdo h{dplqdwlrq ri wkh lqwhuhvw0hodvwlflw| ri vdylqjv lq 46 orz0
lqfrph dqg plggoh0lqfrph frxqwulhv ryhu 4<9;0<51 Gd|do0Jxodwl dqg Wklpdqq
+4<<:, frqvlghu vdylqj udwhv dfurvv 8 Dvldq dqg < Odwlq Dphulfdq frxqwulhv ryhu
wkh shulrg 4<:80<8/ dqg uhsruw vhsdudwh vwdwlf {hg0hhfwv uhjuhvvlrqv +hvwlpdwhg
e| ohdvw vtxduhv dqg lqvwuxphqwdo yduldeohv whfkqltxhv, iru wkh Dvldq jurxs dqg
Odwlq Dphulfdq jurxs ri frxqwulhv1 Wkhlu uhvxowv vkrz frqvlghudeoh khwhurjhqhlw|
lq wkh sdudphwhu hvwlpdwhv dfurvv wkh wzr frxqwu| jurxslqjv1 Fdoohq dqg Wkl0
pdqq +4<<:, frqvlghu wkh krxvhkrog vdylqj ehkdylrxu dfurvv 54 RHFG frxqwulhv
ryhu 4<:80<8/ dqg uhsruw vwdwlf {hg0hhfwv uhjuhvvlrqv1 Wkh| gr qrw doorz iru wkh
srvvlelolw| ri vorsh khwhurjhqhlw| lq wkhlu dqdo|vlv/ exw dwwhpsw wr wdnh dffrxqw
ri huuru yduldqfh khwhurjhqhlw| dqg d olplwhg ghjuhh ri g|qdplfv lq vrph ri wkhlu
vshflfdwlrqv1
Wkh vwxglhv e| Hgzdugv +4<<9, dqg Pdvvrq/ Ed|rxpl dqg Vdplhl +4<<8/ 4<<;,
frqvlghu d zlghu fodvv ri yduldeohv lq wkhlu dqdo|vlv ri vdylqj ehkdylru1 Hgzdugv
+4<<9, xvhv d 69 frxqwu| gdwd vhw +ri zklfk hohyhq duh lqgxvwuldol}hg frxqwulhv, ryhu
wkh shulrg 4<:30<5/ zkloh Pdvvrq/ Ed|rxpl dqg Vdplhl +khuhdiwhu PEV, h{dplqh
wkh ghwhuplqdqwv ri wkh sulydwh vdylqjv udwh xvlqj wlph vhulhv revhuydwlrqv rq 54
RHFG frxqwulhv ryhu 4<:40<6/ dqg 73 ghyhorslqj frxqwulhv ryhu 4<;50<61 Erwk
ri wkhvh sdshuv exlog rq wkh h{whqvlyh wkhruhwlfdo dqg hpslulfdo olwhudwxuh wkdw
h{lvwv rq vdylqjv dqg frqvxpswlrq ehydylrxu1 Wkh vwxg| e| PEV irfxvhv rq
vl{ srvvleoh ghwhuplqdqwv ri sulydwh vdylqjv= vfdo yduldeohv +jhqhudo jryhuqphqw
exgjhw vxusoxv,/ ghprjudsklfv +wkh ghshqghqf| udwlr phdvxuhg dv wkh udwlr ri wkh
srsxodwlrq wkdw lv xqghu 53 dqg 98 dqg ryhu wr wkdw djhg ehwzhhq 53097 |hduv,/
JGS jurzwk dqg ohyho ri JGS shu fdslwd uhodwlyh wr X1V1 JGS/ wkh lqwhuhvw udwh/
wkh lq dwlrq udwh dqg fkdqjhv lq wkh whupv ri wudgh1 Lw uhsruwv vhsdudwh vwdwlf
sdqho uhjuhvvlrqv iru wkhlu vdpsoh ri lqgxvwuldo dqg ghyhorslqj frxqwulhv1 Edvhg
rq wkh sdqho uhjuhvvlrqv dqg d qxpehu ri dvvrfldwhg furvv0vhfwlrq uhjuhvvlrqv/
PEV wkhq frqfoxgh wkdw jhqhudo jryhuqphqw vxusoxv/ wkh ghshqghqf| udwlr/ JGS
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jurzwk/ dqg wkh uhodwlyh shu fdslwd JGS kdyh vljqlfdqw hhfwv rq wkh sulydwh
vdylqjv udwh/ dowkrxjk zlwk glhulqj ghjuhhv ri suhflvlrq1 Wkh hylghqfh rq wkh
hhfwv ri wkh lqwhuhvw udwh dqg wkh ohyho ri lq dwlrq rq wkh vdylqjv udwh lv pxfk
zhdnhu dqg ghshqgv rq wkh vdpsoh ri frxqwulhv xqghu frqvlghudwlrq1
Wkh prghoolqj vwudwhj| lq wkhvh dqg rwkhu furvv0frxqwu| vwxglhv ri vdylqjv
udwhv kdv jhqhudoo| uholhg rq srrohg ROV ru vwdwlf {hg0hhfwv uhjuhvvlrqv1 Olw0
woh dwwhpsw kdv ehhq pdgh wr lqwurgxfh g|qdplfv/ glhuhqwldwh vkruw0uxq dqg
orqj0uxq sdudphwhuv ru h{dplqh wkh h{whqw wr zklfk wkh glyhuvlw| lq lqvwlwxwlrqdo
vwuxfwxuhv dfurvv frxqwulhv fdq eh wdnhq lqwr dffrxqw zkloh dvvhvvlqj wkh ehkdylru
ri djjuhjdwh sulydwh vdylqjv14 Fohduo|/ vdylqj dqg zhdowk dffxpxodwlrq lv d g|0
qdplf surfhvv dqg vwdwlf vshflfdwlrqv duh xqolnho| wr fdswxuh hvvhqwldo ihdwxuhv
ri vxfk surfhvvhv1 Dovr/ furvv0frxqwu| sdudphwhu krprjhqhlw| uhvwulfwlrqv duh/ dw
ehvw/ olnho| wr krog iru orqj0uxq sdudphwhuv zlwk wkh vkruw0uxq uhvsrqvhv glhulqj
dfurvv frxqwulhv1 Pruhryhu/ zkloh hfrqrplf wkhru| surylghv vrph jxlgdqfh rq
orqj0uxq sdudphwhuv lw lv w|slfdoo| vlohqw rq vkruw0uxq g|qdplfv dqg wkh h{dfw qd0
wxuh ri wkh dgmxvwphqw surfhvvhv1 Dqg prvw lpsruwdqwo|/ xqohvv wkh khwhurjhqhlw|
dfurvv frxqwulhv lq vkruw0uxq uhvsrqvhv lv wdnhq lqwr dffrxqw +dqg doorzhg iru wr
wkh h{whqw shuplwwhg e| wkh gdwd,/ wkh hvwlpdwlrq ri sdudphwhuv ri lqwhuhvw fdq eh
frqwdplqdwhg/ ylwldwlqj wkh frqfoxvlrqv gudzq derxw wkh lpsruwdqfh ri ydulrxv
idfwruv lq ghwhuplqlqj djjuhjdwh sulydwh vdylqjv1
Wkh sdshuv phqwlrqhg deryh fohduo| dgguhvv dq lpsruwdqw lvvxh ri vshfldo0
frqfhuq wr srolf| pdnhuv dqg dfdghplfv dolnh1 Wkh| dwwhpsw wr lvrodwh wkh nh|
ghwhuplqdqwv ri wkh vdylqj udwhv dfurvv d odujh qxpehu ri lqgxvwuldol}hg dqg gh0
yhorslqj frxqwulhv1 Krzhyhu/ wkh hfrqrphwulf lpsohphqwdwlrq jhqhudoo| uholhv rq
{hg0hhfwv hvwlpdwlrq ri vwdwlf sdqho gdwd prghov/ wklv udlvhv wkh txhvwlrq ri ur0
exvwqhvv ri wkhlu uhvxowv wr wkh qhjohfwhg g|qdplfv dqg wkh srvvleoh khwhurjhqhlw|
dfurvv frxqwulhv ri vkruw0uxq dqg orqj0uxq hhfwv ri wkh ydulrxv olnho| ghwhupl0
qdqwv ri wkh sulydwh vdylqjv udwh1 Lq wklv sdshu zh h{dplqh wkh urexvwqhvv ri wkh
frqfoxvlrqv wr wkhvh wzr vrxufhv ri plvvshflfdwlrq xvlqj wkh PEV gdwd1
Lqlwldoo|/ zh frqvlghu wkh frqvhtxhqfhv ri doorzlqj iru vorsh khwhurjhqhlw|/ exw
frqwlqxh wr xvh wkh vwdwlf vshflfdwlrq ri wkh vdylqjv udwh htxdwlrqv xvhg lq wkh
olwhudwxuh15 Zh h{dplqh wkh lpsruwdqfh ri vorsh khwhurjhqhlw| xvlqj wzr glhuhqw
phwkrgv= +l, Zh h{solflwo| prgho wkh furvv0vhfwlrqdo yduldwlrqv ri wkh vorsh frh!0
flhqwv lq whupv ri frxqwu|0vshflf zhdowk0JGS udwlrv dqg lqfrph shu fdslwd dqg
hvwlpdwh dxjphqwhg {hg0hhfwv uhjuhvvlrqv1 Zh vkrz wkdw rqfh vorsh khwhur0
4Wkh vwxglhv e| Fduuroo dqg Zhlo +4<<7, dqg Dwwdqdvlr/ Slffl dqg Vfrufx +4<<;, gr doorz iru
g|qdplfv exw irfxv rq jurzwk0vdylqj olqndjhv dqg gr qrw frqvlghu wkh hhfw ri rwkhu srvvleoh
yduldeohv vxfk dv wkh ghshqghqf| udwlr/ vfdo srolf| yduldeohv/ lq dwlrq dqg rwkhu yduldeohv
frqvlghuhg lq wkh vwxglhv e| Hgzdugv +4<<9, dqg Pdvvrq/ Ed|rxpl dqg Vdplhl +4<<8/ 4<<;,1
5Krzhyhu/ hyhq wkh vwdwlf prghov lpsolflwo| lqyroyh vrph g|qdplfv wkurxjk wkh zhdowk
yduldeoh lqfoxghg lq pdq| vshflfdwlrqv1
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jhqhlw| lv wdnhq lqwr dffrxqw wkh txdgudwlf uhodwlrqvkls ehwzhhq sulydwh vdylqjv
dqg lqfrph irxqg lq PEV +4<<;, lv qr orqjhu vwdwlvwlfdoo| vljqlfdqw1 Wkh wkhr0
uhwlfdo uhdvrqv ehklqg wklv uhvxow duh glvfxvvhg lq vrph ghwdlo/ zlwk wkh uhohydqw
ghulydwlrqv uhohjdwhg wr dq dsshqgl{1 +ll, Rxu vhfrqg dssurdfk wr wkh vorsh khw0
hurjhqhlw| sureohp iroorzv Shvdudq dqg Vplwk +4<<8, dqg frpsduhv wkh dyhudjh
hvwlpdwhv ri wkh vorsh frh!flhqwv iurp lqglylgxdo frxqwu| uhjuhvvlrqv +uhihuuhg wr
dv wkh phdq jurxs hvwlpdwhv, wr wkrvh rewdlqhg xvlqj wkh {hg0hhfwv surfh0
gxuh1 Zh dovr frqvlghu glhuhqw jurxslqjv ri wkh frh!flhqw hvwlpdwhv dffruglqj
wr zkhwkhu wkh| duh srvlwlyh ru qhjdwlyh dqg zkhwkhu wkh| duh vwdwlvwlfdoo| vlj0
qlfdqw/ wkxv surylglqj d vlpsoh dqg hhfwlyh zd| ri uhsruwlqj wkh h{whqw ri wkh
khwhurjhqhlw| wkdw vhhpv wr h{lvw lq wkh xqghuo|lqj sdudphwhuv1
Zh wkhq doorz iru g|qdplfv lq lqglylgxdo vdylqjv udwh htxdwlrqv/ dqg frqvlghu
wzr w|shv ri hvwlpdwruv= wkh phdq jurxs hvwlpdwru ri wkh orqj0uxq frh!flhqwv/
dqg d qhz srrohg hvwlpdwru wkdw doorzv iru vkruw0uxq khwhurjhqhlw| zklovw uhvwulfw0
lqj wkh orqj0uxq frh!flhqwv wr eh wkh vdph dfurvv jurxsv +vhh Shvdudq/ Vklq dqg
Vplwk/ 4<<<,1 Dv vkrzq lq Shvdudq dqg Vplwk +4<<8, dqg Shvdudq/ Vplwk dqg
Lp +4<<9,/ lq wkh suhvhqfh ri g|qdplfv dqg vorsh khwhurjhqhlw| wkh xvh ri vwdq0
gdug sdqho whfkqltxhv/ vxfk dv wkh {hg0hhfwv hvwlpdwru ru wkh Dqghuvrq0Kvldr
hvwlpdwru/ ohdgv wr lqfrqvlvwhqw hvwlpdwhv dqg srwhqwldoo| plvohdglqj lqihuhqfhv
hyhq iru odujh Q dqg W sdqhov1 Lq frqwudvw/ wkh phdq jurxs dqg wkh srrohg hvwl0
pdwruv ri wkh orqj0uxq frh!flhqwv +wkh odwwhu xqghu wkh dvvxphg krprjhqhlw| ri
wkh orqj0uxq sdudphwhuv, duh frqvlvwhqw zkhq erwk  +wkh qxpehu ri frxqwulhv,
dqg A +wkh qxpehu ri wlph shulrgv, duh uhdvrqdeo| odujh1 Rxu uhvxowv vkrz wkdw
rqo| wkh hhfwv ri wkh udwlr ri jhqhudo jryhuqphqw exgjhw vxusoxv wr JGS/ dqg
wkh udwlr ri jhqhudo jryhuqphqw fxuuhqw h{shqglwxuh wr JGS duh uhdvrqdeo| ur0
exvw wr wkh suhvhqfh ri vorsh khwhurjhqhlw| dqg |lhog sodxvleoh hvwlpdwhv iru wkh
r0vhwwlqj hhfwv ri jryhuqphqw exgjhw vxusoxvhv dqg jryhuqphqw frqvxpswlrq
h{shqglwxuhv rq sulydwh vdylqjv dfurvv wkh RHFG frxqwulhv1
Wkh sodq ri wkh sdshu lv dv iroorzv= Vhfwlrq 5 vhwv xs wkh hfrqrphwulf iudph0
zrun xvhg lq furvv0frxqwu| vdylqjv vwxglhv dqg uhylhzv wkh wkhruhwlfdo olwhudwxuh
rq vorsh khwhurjhqhlw| erwk lq vwdwlf dqg g|qdplf sdqho gdwd prghov1 Vhfwlrq
6 surylghv d ghwdlohg hpslulfdo h{dplqdwlrq ri wkh sulydwh vdylqjv htxdwlrq dqd0
o|}hg e| PEV +4<<8/ 4<<;,1 Vhfwlrq 7 suhvhqwv d vxppdu| ri wkh pdlq uhvxowv/
glvfxvvhv wkhlu hfrqrplf lqwhusuhwdwlrq dqg wkhlu uhohydqfh iru srolf|1
51 Furvv0Frxqwu| Vdylqjv Uhjuhvvlrqv= Qhjohfwhg Khwhur0
jhqhlw|
Doprvw doo furvv0frxqwu| vwxglhv ri vdylqjv ehkdylru lq wkh olwhudwxuh pdnh xvh
ri olqhdu uhgxfhg irup prghov zkhuh wkh vdylqjv udwh +sulydwh ru qdwlrqdo, lv
^7`
h{sodlqhg lq whupv ri d qxpehu ri idfwruv vxfk dv JGS jurzwk/ wkh uhdo lqwhuhvw
udwh/ lq dwlrq/ zhdowk hhfwv/ vfdo lqglfdwruv dqg ghprjudsklf yduldeohv1 Lq lwv
prvw jhqhudo irup vxfk d frxqwu|0vshflf vdylqjv htxdwlrq fdq eh zulwwhq dv=
bEur| ' > n
&[
'
qEu%| n 0|c +514,
' > n 

Eu | n 0|
zkhuh r| lv wkh vdylqjv udwh ri frxqwu|  ' c 2c c  gxulqj shulrg | ' c 2c c A /
 | ' E%|c %2|c c %&| lv d &   yhfwru ri idfwruv ghhphg wr eh lpsruwdqw lq
wkh ghwhuplqdwlrq ri wkh vdylqjv udwh lq frxqwu|  1 Wkh sdudphwhuv > uhsuhvhqw
wkh {hg0hhfwv/ dqg bEu dqg Eu duh wkh glvwulexwhg odj ixqfwlrqv ri rughuv
R dqg ^ ghqhg e|
bEu '  bu b2u
2
  bRu
Rc +515,
Eu ' f n un n ^u
^c +516,
zkhuh r ' Eqrc q2rc c q&r
1 Ilqdoo|/ 0|/ wkh glvwxuedqfh whup iru frxqwu| /
lv lqwhqghg wr fdswxuh wkh hhfw ri d pxowlwxgh ri +uhpdlqlqj, xqrevhuyhg hhfwv
rq wkh vdylqj udwh1 Wkhvh glvwxuedqfhv duh dvvxphg wr eh glvwulexwhg lqghshq0
ghqwo| +erwk ryhu wlph dqg dfurvv frxqwulhv, zlwk d }hur phdq dqg d frqvwdqw
yduldqfh/ j2 1 Wkh| duh dovr xvxdoo| dvvxphg wr eh glvwulexwhg lqghshqghqwo| ri
wkh uhjuhvvruv/  |1
Iru hdfk frxqwu| +514, uhsuhvhqwv dq dxwruhjuhvvlyh glvwulexwhg odj prgho ri ru0
ghu ERc ^c ^2c c ^&c ru vlpso| -(uERc ^c ^2c c ^&1 Doo wkh furvv0frxqwu| vwxglhv
ri vdylqjv udwhv duh vshfldo fdvhv ri wklv -(u prgho1 Hgzdugv +4<<9, glvwlq0
jxlvkhv ehwzhhq sulydwh dqg sxeolf vdylqjv/ dqg dssolhv d vwdwlf yhuvlrq ri +514,
wr d sdqho ri 69 frxqwulhv1 Iru wkh sulydwh vdylqjv udwh kh xvhv srrohg ROV zklfk
dvvxphv wkdw doo wkh frh!flhqwv +vorshv dv zhoo dv wkh lqwhufhswv, duh krprjhqrxv
dfurvv frxqwulhv1 Iru wkh sxeolf vdylqjv udwh htxdwlrq kh doorzv iru khwhurjhqrxv
lqwhufhswv exw frqwlqxhv wr dvvxph vorsh krprjhqhlw|1 Lq rqh vhw ri uhjuhvvlrqv
Hgzdugv lqfoxghv Odwlq Dphulfdq gxpp| yduldeohv iru hdfk uhjuhvvru lq wkh sdqho>
wkxv doorzlqj iru d olplwhg ghjuhh ri sdudphwhu khwhurjhqhlw|1 Vxfk gxpp| ydul0
deoh uhjuhvvlrqv vwloo lpsrvh huuru yduldqfh krprjhqhlw| dfurvv doo wkh frxqwulhv lq
wkh vdpsoh dv zhoo dv sdudphwhu krprjhqhlw| zlwklq wkh wzr frxqwu| jurxslqjv1
PEV +4<<8/ 4<<;, dovr xvh d krprjhqrxv vwdwlf yhuvlrq ri +514, lq wkhlu dqdo|vlv
ri sulydwh vdylqj udwhv1 Wkh| frqvlghu wzr vhsdudwh frxqwu| jurxsv/ rqh frqvlvw0
lqj ri 54 RHFG hfrqrplhv dqg wkh rwkhu 73 ghyhorslqj hfrqrplhv1 Wkh odwwhu lv
wkhq jurxshg lqwr kljk/ plggoh dqg orz lqfrph frxqwulhv1 Wkhuhiruh/ wkh| doorz
iru wkh sdudphwhuv wr glhu ehwzhhq wkh frxqwu| jurxslqjv/ exw qrw dfurvv wkh
^8`
frxqwulhv zlwklq d jlyhq jurxs1 Iru hdfk frxqwu| jurxs wkh| rqo| doorz iru {hg0
hhfwv dqg dvvxph wkdw doo wkh vorsh frh!flhqwv dqg huuru yduldqfhv duh wkh vdph
dfurvv frxqwulhv1 PEV +4<<;, dovr h{shulphqw zlwk d olplwhg g|qdplf vshflfd0
wlrq zkhuh +lpsolflwo|, d frpprq idfwru uhvwulfwlrq lv lpsrvhg rq wkh glvwulexwhg
odj ixqfwlrqv bEu dqg Eu1 Lq sduwlfxodu wkh| lpsrvh +zlwkrxw whvwlqj, wkh
uhvwulfwlrqv=
bEu '  buc dqg qEu ' qfE buc +517,
iru doo  dqg 1
Lq dq dwwhpsw wr dgguhvv wkh srvvleoh vlpxowdqhlw| sureohp/ pdq| ri wkhvh
furvv0frxqwu| uhjuhvvlrq vwxglhv dovr surylgh lqvwuxphqwdo yduldeoh +LY, hvwlpdwhv
xvlqj odjjhg ydoxhv ri wkh uhjuhvvruv dv lqvwuxphqwv1 Vxfk d surfhgxuh lv ydolg
lq wkh fdvh ri vwdwlf prghov1 Exw lq wkh fdvh ri wkh vdylqj surfhvv zkhuh wkh
g|qdplfv ri dgmxvwphqwv fdq sod| dq lpsruwdqw uroh wkh dssolfdwlrq ri wkh LY
surfhgxuh lv sureohpdwlf dv dq| odjjhg ydoxh wkdw lv xvhg dv dq lqvwuxphqw frxog
lwvhoi srwhqwldoo| eh dq lpsruwdqw idfwru lq h{sodlqlqj wkh vkruw g|qdplfv ri wkh
vdylqj surfhvv1 Wklv gl!fxow| zlwk wkh LY whfkqltxh lv uhodwhg wr wkh sureohp
ri lghqwlfdwlrq dqg ri uhvwulfwlrqv lq pdfurhfrqrphwulf vshflfdwlrqv/ d sureohp
wkdw zdv frqvlghuhg lq Vlpv +4<;3,16
Wkh h{whqw wr zklfk wkh uhvxowv edvhg rq furvv0frxqwu| vdylqjv uhjuhvvlrqv
duh urexvw wr qhjohfwhg vorsh khwhurjhqhlw| ghshqgv rq +l, zkhwkhu wkhuh duh dq|
v|vwhpdwlf uhodwlrqvklsv ehwzhhq wkh vorsh frh!flhqwv dqg wkh uhjuhvvruv/ +ll, wkh
lpsruwdqfh ri wkh g|qdplfv lq wkh vdylqj surfhvv/ dqg +lll, wkh ghjuhh ri vorsh khw0
hurjhqhlw| lwvhoi1 Wkh ryhudoo rxwfrph fdq rqo| eh mxgjhg lq dq hpslulfdo frqwh{w
e| frpsdulqj wkh {hg0hhfwv hvwlpdwruv uhsruwhg lq wkh olwhudwxuh zlwk wkrvh hv0
wlpdwruv wkdw doorz iru vorsh khwhurjhqhlw| dqg g|qdplfv1 Exw ehiruh surfhhglqj
zlwk wkh hpslulfdo dqdo|vlv lw lv lqvwuxfwlyh wr h{dplqh/ dw d wkhruhwlfdo ohyho/ wkh
frqvhtxhqfhv ri qhjohfwhg vorsh khwhurjhqhlw| rq wkh {hg0hhfwv hvwlpdwruv lq
wkh frqwh{w ri vlpsoh prghov1
5141 Qhjohfwhg Khwhurjhqhlw| lq Vwdwlf Prghov
Frqvlghu wkh iroorzlqj vwdwlf {hg0hhfwv sdqho gdwd prgho=
+| ' > n 

 | n |c +518,
zkhuh  lv wkh yhfwru ri xqnqrzq vorsh frh!flhqwv dvvxphg wr eh wkh vdph dfurvv
doo wkh frxqwulhv lq wkh sdqho/ dqg | duh xqrevhuyhg udqgrp vkrfnv dvvxphg wr
eh glvwulexwhg lqghshqghqwo| +erwk ryhu wlph dqg dfurvv frxqwulhv, dqg lghqwlfdoo|
6Hgzdugv +4<<9, dqg PEV +4<<8,/ iru h{dpsoh/ hvwlpdwh wkhlu sdqho gdwd prgho e| lqvwux0
phqwdo yduldeoh +LY, whfkqltxhv/ xvlqj odjjhg ydoxhv ri wkh uhjuhvvruv dv lqvwuxphqwv1
^9`
zlwk d }hur phdq dqg d frqvwdqw yduldqfh/ j21 Lw lv dovr xvxdoo| dvvxphg wkdw wkh
huuruv/ |/ dqg wkh uhjuhvvruv/  |/ duh lqghshqghqwo| glvwulexwhg1 Wkh rqo| vrxufh
ri khwhurjhqhlw| doorzhg iru lq wklv iudphzrun duh wkh {hg0hhfwv/ >1
Wkh vorsh dqg huuru yduldqfh krprjhqhlw| dvvxpswlrq wkdw xqghuolh wkh {hg0
hhfwv irupxodwlrq pd| eh d uhdvrqdeoh uvw0rughu dssur{lpdwlrq iru dqdo|vlv ri
krxvhkrog ru up ehkdylrxu lq d jlyhq orfdolw| ru uhjlrq/ exw lw lv ohvv olnho| wr
krog dfurvv frxqwulhv wkdw duh dw glhuhqw vwdjhv ri wkhlu hfrqrplf ghyhorsphqw/
kdyh glhulqj lqvwlwxwlrqv/ fxvwrpv ru vrfldo qrupv1 Wklv lv sduwlfxoduo| wuxh ri
wkh vkruw uxq hhfwv vlqfh lqvwlwxwlrqdo frqvwudlqwv duh olnho| wr eh pruh elqglqj
lq wkh vkruw0uxq dqg khqfh fdq fdxvh wkh sulydwh vdylqjv udwh dfurvv frxqwulhv wr
uhvsrqg glhuhqwo| wr lwv ydulrxv ghwhuplqdqwv vxfk dv rxwsxw jurzwk/ wkh uhdo
lqwhuhvw udwh/ lq dwlrq/ dqg vfdo ghflwv1
Wkh frqvhtxhqfhv ri qhjohfwlqj vorsh khwhurjhqhlw| fdq eh txlwh vhulrxv/ sdu0
wlfxoduo| zkhq wkh vorshv ydu| v|vwhpdwlfdoo| dfurvv frxqwulhv1 Wr vhh wklv frqvlghu
wkh iroorzlqj vlpsoh vwdwlf sdqho gdwd prgho zlwk furvv0vhfwlrqdoo| ydu|lqj vorshv
dqg lqwhufhswv=
+| ' > n q%| n | +519,
Iru vlpsolflw| ri h{srvlwlrq zh frqqh rxu dwwhqwlrq wr d prgho zlwk d vlqjoh
wlph0ydu|lqj uhjuhvvru dqg frqwlqxh wr pdlqwdlq wkh huuru yduldqfh krprjhqhlw|
dvvxpswlrq1 Wkh frh!flhqwv/ qc duh doorzhg wr ydu| iuhho| dfurvv frxqwulhv exw
duh rwkhuzlvh dvvxphg wr eh {hg +ryhu wlph,1 Lw suryhv xvhixo wr ghfrpsrvh q
lqwr d frpprq frpsrqhqw/ q/ dqg d uhpdlqghu/ #/ wkdw ydulhv dfurvv frxqwulhv=
q ' q n # +51:,
Wkh qdwxuh ri wkh vorsh khwhurjhqhlw| fdq qrz eh fkdudfwhul}hg lq whupv ri wkh
surshuwlhv ri #1 Lq wkh sdqho olwhudwxuh/ iroorzlqj wkh zrun ri Vzdp| +4<:3,/ lw
lv riwhq dvvxphg wkdw # duh lghqwlfdoo| lqghshqghqwo| glvwulexwhg +l1l1g1, dv zhoo
dv glvwulexwhg lqghshqghqwo| ri %| dqg | iru doo  dqg |/ zlwk d }hur phdq dqg
d frqvwdqw yduldqfh/ j2#1 Wklv vshflfdwlrq lv nqrzq dv wkh udqgrp frh!flhqwv
prgho +UFP, glvfxvvhg h{whqvlyho| e| Kvldr +4<;9/ Fk1 9,1 Wkh UFP rqo| doorzv
iru d plqlpdo ghjuhh ri vorsh khwhurjhqhlw|1 Iru h{dpsoh/ lw uxohv rxw v|vwhpdwlf
uhodwlrqvklsv ehwzhhq q dqg wkh vdpsoh phdqv ru yduldqfhv ri wkh %| surfhvv1 Wr
fryhu vxfk srvvlelolwlhv zh vkdoo dovr frqvlghu wkh fdvh zkhuh wkh q*v duh wuhdwhg
dv {hg> lq h{dfwo| wkh vdph zd| wkdw wkh lqwhufhswvc >/ duh wuhdwhg lq wkh {hg0
hhfwv prgho/ +518,1
Frqvlghu dq lqyhvwljdwru wkdw ljqruhv wkh khwhurjhqhlw| ri wkh vorsh frh!flhqwv
lq +519, dqg lqvwhdg hvwlpdwhv wkh iroorzlqj dxjphqwhg krprjhqrxv vorsh prgho=
+| ' k n B%%| n B55| n |c +51;,
^:`
zkhuh 5| lv dq dgglwlrqdo uhjuhvvru vsxulrxvo| wkrxjkw wr eh lpsruwdqw e| wkh
lqyhvwljdwru1 Iru h{srvlwlrqdo vlpsolflw| zh dvvxph wkdw iru hdfk / | ' E%|c 5|
lv fryduldqfh vwdwlrqdu| zlwk wkh yduldqfh0fryduldqfh pdwul{
l '

/%% /%5
/5% /55

 +51<,
Lw lv qrz hdvlo| hvwdeolvkhg wkdw wkh {hg0hhfwv +IH, hvwlpdwru ri wkh vorsh
frh!flhqw/  ' EB%c B5
/ lv jhqhudoo| lqfrqvlvwhqw1 Wkh lqfrqvlvwhqf| ri wkh IH
hvwlpdwru lq wklv vhw0xs lv ghulyhg lq wkh dsshqgl{1 Ghqrwlqj wkh IH hvwlpdwru ri
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Wkh deryh uhvxowv kdyh d qxpehu ri lqwhuhvwlqj lpsolfdwlrqv=
41 Wkh {hg0hhfwv hvwlpdwru ri B5 lv urexvw wr vorsh khwhurjhqhlw| li wkh lq0
fruuhfwo| lqfoxghg uhjuhvvruv/ 5|/ duh rq dyhudjh ruwkrjrqdo wr %|/ qdpho|
zkhq .E/%5 ' f1 Krzhyhu/ lq wkh suhvhqfh ri vorsh khwhurjhqhlw| wkh
{hg0hhfwv hvwlpdwru ri B% frqwlqxhv wr eh lqfrqvlvwhqw hyhq li 5| dqg %|
7Lq wkh fdvh zkhuh wkh vorshv duh udqgrpo| glvwulexwhg dfurvv l/ wkh olplwv lq wkh ghqlwlrqv
ri Fry+$l{{> l  , dqg Fry+$l{}> l  , qhhg wr eh uhsodfhg e| suredelolw| olplwv1
^;`
duh rq dyhudjh ruwkrjrqdo1 Wkh gluhfwlrq ri wkh dv|pswrwlf eldv ri 	B%c8.
ghshqgv rq wkh vljq ri JE/%%c qq1 Wkh eldv ri 	B%c8. lv srvlwlyh zkhq
JE/%%c q  q : f dqg ylfh yhuvd1
8
51 Wkh {hg0hhfwv hvwlpdwruv/ 	%c8. dqg 	B5c8./ duh erwk frqvlvwhqw li
JE/%5c q  q ' JE/%%c q  q ' f +5145,
Fohduo|/ wkhvh frqglwlrqv duh phw xqghu vorsh krprjhqhlw|1 Lq wkh suhvhqw
dssolfdwlrq zkhuh wkh uhjuhvvruv duh dvvxphg wr eh vwulfwo| h{rjhqrxv/ wkh
{hg0hhfwv hvwlpdwruv frqyhujh wr wkhlu wuxh ydoxhv xqghu wkh UFP zkhuh
wkh vorsh frh!flhqwv dqg wkh uhjuhvvruv duh dvvxphg wr eh lqghshqghqwo|
glvwulexwhg19 Qrwlfh/ krzhyhu/ wkdw vlqfh wkh q*v duh dvvxphg wr eh {hg
ryhu wlph/ wkhq dq| v|vwhpdwlf ghshqghqfh ri # rq | ryhu wlph lv douhdg|
uxohg rxw xqghu prgho +519,1 Wkh udqgrp frh!flhqwv dvvxpswlrq lpsrvhv
ixuwkhu uhvwulfwlrqv rq wkh mrlqw glvwulexwlrq ri # dqg wkh furvv0vhfwlrqdo
glvwulexwlrq ri |1 Wklv uhvxow surylghv d vwudljkwiruzdug h{whqvlrq ri wkh
plvvshflfdwlrq uhvxowv douhdg| idploldu iurp wkh uhjuhvvlrq dqdo|vlv ri vlqjoh
vhulhv +l1h1 zkhq  ' ,/ dqg zklfk irupv wkh edvlv ri wkh jhqhudo0wr0
vshflf phwkrgrorj| dgyrfdwhg e| Gdylg Khqgu|1:
61 Lq jhqhudo/ zkhuh .E/%5 9' f dqgJE/%5c qq 9' f dqg2ruJE/%%c q
q 9' f/ wkh {hg0hhfwv hvwlpdwruv/ 	B%c8. dqg 	B5c8./ duh erwk lqfrqvlv0
whqw1 Wkhuhiruh/ li wkh vorsh frh!flhqwv duh {hg exw ydu| v|vwhpdwlfdoo|
dfurvv wkh jurxsv/ wkh dssolfdwlrq ri wkh jhqhudo0wr0vshflf phwkrgrorj| wr
vwdqgdug sdqho gdwd prghov fdq ohdg wr plvohdglqj uhvxowv +vsxulrxv lqihu0
hqfh,1 Dq lpsruwdqw h{dpsoh lv surylghg e| wkh fdvh zkhq dwwhpswv duh
pdgh wr fkhfn iru wkh suhvhqfh ri qrqolqhdulwlhv e| whvwlqj wkh vljqlfdqfh
ri txdgudwlf whupv lq vwdwlf sdqho gdwd prghov xvlqj {hg0hhfwv hvwlpdwruv1
Lq wkh frqwh{w ri rxu vlpsoh vshflfdwlrq wklv zrxog lqyroyh vhwwlqj 5| ' %2|/
dqg d whvw ri wkh vljqlfdqfh ri 5| lq +51;, zloo |lhog vhqvleoh uhvxowv rqo| li
wkh frqglwlrqv ghqhg e| +5145, duh phw1 Lq jhqhudo/ lw lv srvvleoh wr idovho|
uhmhfw wkh olqhdulw| k|srwkhvlv zkhq wkhuh duh v|vwhpdwlf uhodwlrqv ehwzhhq
wkh vorsh frh!flhqwv dqg wkh furvv0vhfwlrqdo glvwulexwlrq ri wkh uhjuhvvruv1
Wkhuhiruh/ uhvxowv iurp qrqolqhdulw| whvwv lq sdqho gdwd prghov vkrxog eh
lqwhusuhwhg zlwk fduh1 Wkh olqhdulw| k|srwkhvlv pd| eh uhmhfwhg qrw ehfdxvh
ri wkh h{lvwhqfh ri d jhqxlqh qrqolqhdu uhodwlrqvkls ehwzhhq +| dqg %|/ exw
8Qrwlfh wkdw H+$l{{,H+$l}},  +H+$l{},,
5
A 3/ xqohvv ri frxuvh {lw dqg }lw duh shuihfwo|
froolqhdu iru doo l/ zklfk zh uxoh rxw1 Vhh Dvvxpswlrq D161
9Vhh/ iru h{dpsoh/ Vzdp| +4<:3, dqg Kvldr +4<;9/ Fk1 9,1
:Vhh/ iru h{dpsoh/ Khqgu| +4<<6/ Fk*v1 9 dqg 4<,/ dqg Jloehuw +4<;9,1
^<`
gxh wr vorsh khwhurjhqhlw|1 Ilqdoo|/ lw lv zruwk qrwlqj wkdw vlqfh wkh q*v duh
{hg iru hdfk / wkh qrqolqhdu vshflfdwlrq
+| ' k n B%%| n B5%
2
| n |c +5146,
fdq qrw eh uhfrqflohg zlwk +5145,/ xqohvv lw lv dvvxphg wkdw q ydulhv sur0
sruwlrqdwho| zlwk %|1 Fohduo|/ lw lv srvvleoh wr doorz wkh vorshv/ q/ wr ydu|
v|vwhpdwlfdoo| zlwk vrph dvshfw ri wkh furvv0vhfwlrqdo glvwulexwlrq ri %|
zlwkrxw uhtxlulqj q wr eh sursruwlrqdo wr %|/ dqg khqfh wlph0ydu|lqj1 Iru
h{dpsoh/ lw frxog eh wkdw
q ' f n 7%c +5147,
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%|1 Wklv vshflfdwlrq uhwdlqv wkh olqhdulw| ri +5145, iru
hdfk / exw fdq vwloo |lhog d vwdwlvwlfdoo| vljqlfdqw hhfw iru %2| lq +5146, li
vorsh khwhurjhqhlw| lv ljqruhg dqg {hg0hhfwv hvwlpdwhv ri +5146, duh xvhg
lq lqihuhqfh1 Wklv ihdwxuh ri {hg0hhfwv uhjuhvvlrqv xqghu khwhurjhqhrxv
vorshv lv looxvwudwhg lq Iljxuh 41 Wkh jxuh vkrzv vfdwwhu srlqwv dqg dvvrfl0
dwhg uhjuhvvlrq olqhv iru wkuhh frxqwulhv zlwk vorshv wkdw glhu v|vwhpdwlfdoo|
zlwk 7%1 Lw lv fohdu wkdw wkh srrohg uhjuhvvlrq edvhg rq wkh vfdwwhu srlqwv
iurp doo wkh wkuhh frxqwulhv zloo h{klelw vwurqj qrqolqhdulwlhv/ dowkrxjk wkh
frxqwu|0vshflf uhjuhvvlrqv duh olqhdu1 Iru dq hpslulfdo looxvwudwlrq ri wklv
vhh vhfwlrq 614 ehorz1
5151 Qhjohfwhg Khwhurjhqhlw| lq G|qdplf Prghov
Wkh qhjohfw ri vorsh khwhurjhqhlw| lv |hw pruh vhulrxv lq g|qdplf sdqho gdwd
prghov1 Dv vkrzq lq Shvdudq dqg Vplwk +4<<8,/ lw jhqhudwhv d fruuhodwlrq ehwzhhq
wkh uhjuhvvruv dqg wkh huuru whup dv zhoo dv vhuldo fruuhodwlrq lq wkh glvwxuedqfhv/
dqg khqfh lqwurgxfhv d eldv lq wkh {hg0hhfwv hvwlpdwru/ hyhq iru vx!flhqwo|
odujh A dqg  1 Dovr/ xqolnh wkh vwdwlf fdvh/ wkh lqfrqvlvwhqf| ri wkh {hg0hhfwv
hvwlpdwruv grhv qrw glvdsshdu hyhq li zh dvvxph wkdw wkh vorsh frh!flhqwv duh
glvwulexwhg lqghshqghqwo| ri wkh h{rjhqrxv uhjuhvvruv dqg wkh glvwxuedqfhv1 Wr
jhw vrph lghd ri wkh vl}h dqg wkh gluhfwlrq ri wkh dv|pswrwlf eldv ri wkh {hg0
hhfwv hvwlpdwruv/ vxssrvh wkdw wkh +|*v duh jhqhudwhg dffruglqj wr wkh iroorzlqj
vlpsoh g|qdplf yhuvlrq ri +519,=
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+5148,
Wr vlpsoli| wkh h{srvlwlrq lq zkdw iroorzv zh dvvxph wkdw b ' b/ dqg irfxv rq
wkh {hg0hhfwv hvwlpdwruv ri b dqg q +ghqrwhg e| 	b8. dqg 	q8., lq
+| ' > n b+c|3 n q%| n |c +5149,
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Iljxuh 514= Il{hg0Hhfwv Uhjuhvvlrq xqghu Khwhurjhqhrxv Vorshv
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zkhuh
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Zh dovr dvvxph wkdw wkh #*v duh glvwulexwhg lqghshqghqwo| ri %| dqg | iru doo 
dqg |/ dqg wkdw wkh| kdyh d }hur phdq dqg d frqvwdqw yduldqfh/ j2#1 Lw lv qrz hdvlo|
vhhq wkdw wkh {hg0hhfwv hvwlpdwru ri b dqg q lq +5149, zloo eh lqfrqvlvwhqw hyhq
li erwk A dqg  duh doorzhg wr lqfuhdvh zlwkrxw erxqgv1 Wkh lqfrqvlvwhqf| ri wkh
{hg0hhfwv hvwlpdwruv lv gxh wr wkh qrq0}hur fruuhodwlrq ehwzhhq | dqg +c|3/
dqg wkh idfw wkdw |*v duh vhuldoo| fruuhodwhg/ xqohvv %| lv vhuldoo| xqfruuhodwhg1
Dvvxplqj wkh g|qdplf surfhvvhv +5149, duh vwdeoh +qdpho|/ m b m	 ,/ dqg kdyh
ehhq lq rshudwlrqv iru d vx!flhqwo| orqj wlph zh fdq rewdlq
JE|c +c|3 ' .EdE|  7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|' +c|3/ dqg %E lv wkh  | rughu dx0
wrfryduldqfh ixqfwlrq ri wkh %| surfhvv1 Lq wklv vlpsoh h{dpsoh JE|c +c|3 ' f
rqo| li %| lv d vhuldoo| xqfruuhodwhg surfhvv/ zklfk lv yhu| xqolnho| lq wkh fdvh ri
prvw hfrqrplf wlph vhulhv1; Wkh d|pswrwlf eldv ri wkh {hg0hhfwv hvwlpdwruv ri
;Lq wkh pruh jhqhudo fdvh zkhuh wkh frh!flhqwv ri wkh odjjhg ghshqghqw yduldeohv/ l/ dovr
ydu| dfurvv jurxsv Fry+ylw> |l>w4, 9@ 3 hyhq li wkh uhjuhvvruv/ {lw/ duh vhuldoo| xqfruuhodwhg1 Iru
ixuwkhu ghwdlov vhh Shvdudq dqg Vplwk +4<<8,1
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b dqg q duh ghulyhg lq Shvdudq dqg Vplwk +4<<8,1 Lq wkh fdvh zkhuh %| iroorzv d
uvw0rughu dxwruhjuhvvlyh surfhvv
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zkhuh 	b8. dqg 	q8. ghqrwh wkh {hg0hhfwv hvwlpdwruv ri b dqg q lq +5149,
dqg<
[ ' Ej2* 2 E  42 E  b42 n E  b242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Wkh vl}h ri wkh dv|pswrwlf eldv ghshqgv rq q/ b/ 4/ j2#/ dqg wkh phdqv ri j
2
 dqg
 2 / ghqrwhg e| j
2 dqg  2 Lw lv hdv| wr fkhfn wkdw 	q8. dozd|v xqghuhvwlpdwhv
q/ zkhuhdv 	b8. ryhu0 ru xqghuhvwlpdwhv b ghshqglqj rq zkhwkhu 4 lv srvlwlyh ru
qhjdwlyh/ uhvshfwlyho|1
Shvdudq dqg Vplwk dovr vkrz wkdw lq wkh jhqhudo fdvh zkhuh erwk b dqg q
duh doorzhg wr ydu| dfurvv / lw lv qrw srvvleoh wr rewdlq frqvlvwhqw hvwlpdwhv ri
b ' .Eb dqg q ' .Eq e| wkh dssolfdwlrq ri wkh wudglwlrqdo lqvwuxphqwdo
yduldeohv ru wkh Jhqhudol}hg Phwkrg ri Prphqwv +JPP, hvwlpdwruv sursrvhg/
iru h{dpsoh/ e| Dqghuvrq dqg Kvldr +4<;4/ 4<;5,/ Duhoodqr +4<;<,/ Duhoodqr dqg
Eryhu +4<<8,/ Nhdqh dqg Uxqnoh +4<<5, dqg Dkq dqg Vfkplgw +4<<8,/ wr d uvw0
glhuhqfhg irup ri +5149,1 Lqvwhdg/ wkh| sursrvh wkh phdq jurxs +PJ, hvwlpdwru/
rewdlqhg e| hvwlpdwlqj wkh frh!flhqwv ri hdfk furvv0vhfwlrqdo xqlw vhsdudwho| e|
wkh ruglqdu| ohdvw vtxduhv +ROV, dqg wkhq e| wdnlqj dq dulwkphwlf dyhudjh ri
wkhp1 Wkh PJ hvwlpdwruv ri b dqg q +zklfk zh ghqrwh e| 	bC dqg 	qC, duh
jlyhq e|
	bC '
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	qc +514;,
zkhuh 	b dqg 	q duh wkh ROV hvwlpdwhv iurp lqglylgxdo jurxs +frxqwu|, uhjuhvvlrqv1
Wkh yduldqfh0fryduldqfh pdwul{ ri wkh PJ hvwlpdwruv fdq wkhq eh frqvlvwhqwo|
hvwlpdwhg e|
gJE	C '
S
'
E 	  	CE 	  	C

 E  
c
<Wkh h{suhvvlrq iru  jlyhq khuh fruuhfwv d w|sr lq htxdwlrq +51<, ri Shvdudq dqg Vplwk
+4<<8,/ zkhuh +4 5,5 lq wkdw htxdwlrq zdv lqfruuhfwo| hqwhuhg dv +4 5,1
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143 PJ hvwlpdwlrq lv srvvleoh zkhq erwk A dqg  duh
vx!flhqwo| odujh/ dqg lv dssolfdeoh luuhvshfwlyh ri zkhwkhu wkh vorsh frh!flhqwv
duh udqgrp +lq Vzdp|*v vhqvh, ru {hg lq wkh vhqvh wkdw wkh glyhuvlw| lq wkh vorsh
frh!flhqwv dfurvv frxqwulhv fdq qrw eh fdswxuhg e| phdqv ri d qlwh sdudphwhu
suredelolw| glvwulexwlrq144 Zkhq wkh vorshv glhu udqgrpo| dfurvv frxqwulhv wkh
Vzdp| hvwlpdwru +dovr nqrzq dv wkh hpslulfdo Ed|hv hvwlpdwru, frpsxwhg dv
zhljkwhg dyhudjhv ri 	b dqg 	q/ ru wkh Ed|hv hvwlpdwru sursrvhg e| Kvldr/ Shvdudq
dqg Wdkplvflrjox +4<<<, fdq eh xvhg1 Lw lv vkrzq wkdw doo wkh wkuhh hvwlpdwruv>
qdpho| wkh phdq jurxs/ wkh Vzdp| dqg wkh Ed|hv hvwlpdwruv duh dv|pswrwlfdoo|
htxlydohqw dqg kdyh d vwdqgdug dv|pswrwlf qrupdo glvwulexwlrq iru odujh  dqg
odujh A vr orqj dv
s
*A $ fc dv erwk  dqg A $41
Dowkrxjk wkh PJ dqg wkh Ed|hv hvwlpdwruv surylgh dq dv|pswrwlfdoo| ydolg
glvwulexwlrq wkhru| iru pdnlqj lqihuhqfhv derxw wkh dyhudjh ri wkh vorsh frh!0
flhqwv/ qhyhuwkhohvv wkh| gr qrw wdnh dffrxqw ri wkh idfw wkdw fhuwdlq sdudphwhuv
pd| eh wkh vdph dfurvv jurxsv1 Wkh wudglwlrqdo srrohg hvwlpdwruv/ vxfk dv wkh
{hg0 dqg udqgrp0hhfwv hvwlpdwruv/ vwdqg dw wkh rwkhu h{wuhph dqg +zlwk wkh
srvvleoh h{fhswlrq ri lqwhufhswv, dvvxph wkdw wkh frh!flhqwv dqg huuru yduldqfhv
duh wkh vdph dfurvv wkh jurxsv1 Dq lqwhuphgldwh hvwlpdwru zklfk doorzv wkh lq0
whufhswv/ vkruw0uxq frh!flhqwv dqg huuru yduldqfhv wr glhu dfurvv jurxsv/ exw
lpsrvhv wkh htxdolw| ri rqh ru pruh ri wkh orqj0uxq frh!flhqwv dfurvv wkh jurxsv
kdv ehhq uhfhqwo| sursrvhg e| Shvdudq/ Vklq dqg Vplwk +4<<<,1 Wklv hvwlpdwru lv
fdoohg wkh Srrohg Phdq Jurxs +SPJ, hvwlpdwru ehfdxvh lw lqyroyhv erwk srrolqj
dqg dyhudjlqj1 Vxfk dq lqwhuphgldwh hvwlpdwlrq whfkqltxh lv sduwlfxoduo| uhohydqw
wr wkh furvv0frxqwu| dqdo|vlv ri frqvxpswlrq ixqfwlrqv zkhuh lw lv uhdvrqdeoh wr
dvvxph wkdw djjuhjdwh frqvxpswlrq uhvsrqgv yhu| vlploduo| dfurvv frxqwulhv wr
djjuhjdwh glvsrvdeoh lqfrph lq wkh orqj0uxq/ dowkrxjk gxh wr klvwrulfdo dqg lqvwl0
wxwlrqdo uhdvrqv lw pd| qrw eh sodxvleoh wr dvvxph wkdw djjuhjdwh frqvxpswlrq lq
doo frxqwulhv zloo dgmxvw vlploduo| dqg zlwk wkh vdph vshhg wr vkruw whup fkdqjhv
lq lqfrph1
61 Hpslulfdo Hylghqfh
Lq wklv vhfwlrq zh h{dplqh wkh hpslulfdo hylghqfh rq wkh ghwhuplqdqwv ri furvv
frxqwu| sulydwh vdylqjv udwhv xvlqj wkh gdwd iurp PEV +4<<8/ 4<<;,1 Zh kdyh
fkrvhq wr irfxv rq wklv sduwlfxodu vwxg| ehfdxvh ri wkh uhodwlyho| frpsuhkhqvlyh
43Iru ixuwkhu ghwdlov vhh/ iru h{dpsoh/ Lp/ Shvdudq dqg Vplwk +4<<9,1
44Lq vlwxdwlrqv zkhuhQ lv vpdoo dqg W lv odujh/ wkh Vhhplqjo| Xquhodwhg Uhjuhvvlrq Hvwlpdwlrq
+VXUH, surfhgxuh gxh wr ]hooqhu +4<95, fdq eh xvhg1 Lq wkh furvv0frxqwu| vdylqjv olwhudwxuh Q
lv riwhq txlwh odujh zklfk suhfoxghv wkh xvh ri wkh VXUH surfhgxuh1 Iru h{dpsoh/ wkh ixoo gdwd
vhw xvhg e| PEV +4<<8, fryhuv 94 frxqwulhv1
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olvw ri yduldeohv wkdw lw frqvlghuv/ dqg dovr ehfdxvh lw duulyhv dw d qxpehu ri srolf|
frqfoxvlrqv zkrvh urexvwqhvv wr qhjohfwhg vorsh khwhurjhqhlw| dqg g|qdplfv duh
zruwk fkhfnlqj1 Dv qrwhg hduolhu/ PEV glylgh wkhlu vdpsoh lqwr dq lqgxvwuldo
frxqwu| jurxs dqg d ghyhorslqj frxqwu| jurxs1 Wkh| suhvhqw hvwlpdwhv rewdlqhg
iru doo wkh 94 frxqwulhv wdnhq wrjhwkhu dv zhoo dv wkrvh iurp vhsdudwh dqdo|vhv
ri wkh wzr frxqwu| jurxsv1 Krprjhqhlw| ri wkh vorsh frh!flhqwv dfurvv wkh wzr
frxqwu| jurxslqjv lv vwurqjo| uhmhfwhg srvvleo| dovr gxh wr lpsruwdqw glhuhqfhv
ehwzhhq wkh wzr jurxsv lq whupv ri gdwd ghqlwlrqv dqg gdwd uholdelolw|1 Wkh gdwd
iru wkh wzr jurxsv dovr fryhu glhuhqw wlph shulrgv1 Dydlodeoh wlph vhulhv iru wkh
ghyhorslqj frxqwulhv duh vxevwdqwldoo| vkruwhu wkdq iru wkh lqgxvwuldo frxqwulhv1
Vlqfh rxu sulpdu| sxusrvh khuh lv wr looxvwudwh wkh lpsruwdqfh ri g|qdplfv dqg
vorsh khwhurjhqhlw| lq furvv0frxqwu| dqdo|vlv ri vdylqjv ehkdylrxu zh frqqh rxu
dqdo|vlv wr wkh lqgxvwuldo frxqwulhv zkhuh frqfhlydeo| vorsh khwhurjhqhlw| frxog
eh ohvv ri dq lvvxh1 Iru wkh lqgxvwuldo frxqwulhv PEV uxq {hg0hhfwv uhjuhvvlrqv
ri
7T G wkh sulydwh vdylqjv udwh/ ghqhg dv wkh udwlr ri djjuhjdwh sulydwh vdylqjv
wr JGS/
rq
7L- G wkh udwlr ri jhqhudo jryhuqphqw exgjhw vxusoxv wr JGS/
CL- G wkh udwlr ri wkh jhqhudo jryhuqphqw fxuuhqw h{shqglwxuh wr JGS/
CU G wkh udwlr ri wkh jhqhudo jryhuqphqw lqyhvwphqw wr JGS/
C- G JGS jurzwk udwh/
-UA G uhdo lqwhuhvw udwh/
U8 G lq dwlrq udwh/
AA G shufhqwdjh fkdqjh lq whupv ri wudgh/
t -L7 G shu fdslwd JGS uhodwlyh wr wkh X1V1/
(. G ghshqghqf| udwlr/ ghqhg dv wkh udwlr ri wkrvh xqghu 53 dqg 98 dqg ryhu
wr wkrvh djhg 53097/
` G udwlr ri sulydwh zhdowk +phdvxuhg dv wkh fxpxodwlyh vxp ri sdvw
qrplqdo sulydwh vdylqjv, wr JGS1
Wkh {hg0hhfwv hvwlpdwhv lqfoxglqj doo wkh 43 uhjuhvvruv duh uhsruwhg lq wkh uvw
froxpq ri wdeoh 5 lq PEV +4<<8,1 Wklv wdeoh dovr uhsruwv ohdvw vtxduhv dqg LY
hvwlpdwhv iru d uhvwulfwhg yhuvlrq ri wkhlu jhqhudo prgho zkhuh wkh uhjuhvvruv C-
dqg ` duh gursshg iurp wkh prgho dqg wkh frh!flhqwv ri CL- dqg CU duh
lpsrvhg wr eh wkh vdph1 Lq d pruh uhfhqw yhuvlrq ri wkhlu sdshu/ PEV +4<<;,
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uhsruw hvwlpdwhv iru d voljkwo| pruh jhqhudo uhjuhvvlrq prgho wkdw dovr lqfoxghv
wkh vtxduh ri wkh uhodwlyh lqfrph yduldeoh +vhh wdeoh 6 lq PEV/ 4<<;,1 Wkh| dujxh
wkdw wkh hhfw ri wkh lqfrph yduldeoh rq wkh vdylqjv udwh lv olnho| wr eh qrqolq0
hdu> ehlqj srvlwlyh dw orz ohyhov ri lqfrph dqg wkhq ehfrplqj qhjdwlyh dw kljkhu
lqfrph ohyhov1 Suhvxpdeo|/ vlplodu dujxphqwv fdq dovr eh pdgh zlwk uhvshfw wr
vrph ri wkh rwkhu yduldeohv/ qrwdeo| wkh zhdowk yduldeoh> exw vxfk srvvlelolwlhv duh
qrw sxuvxhg e| PEV1 Il{hg0hhfwv hvwlpdwhv fruuhfwhg iru uhvlgxdo vhuldo fruuhod0
wlrq/ xvlqj Frfkudqh0Rufxww w|sh surfhgxuhv/ duh dovr uhsruwhg lq rughu wr dyrlg
eldvlqj hvwlpdwhv ri vwdqgdug huuruv/ lq wkh eholhi wkdw wkh uhjuhvvlrq prgho eh0
lqj hvwlpdwhg lv vwdwlf dqg grhv qrw frqwdlq odjjhg ghshqghqw yduldeohv1 Krzhyhu/
wkhlu vshflfdwlrq lpsolflwo| grhv frqwdlq odjjhg ghshqghqw yduldeohv wkurxjk wkh
zhdowk yduldeoh1 Khqfh/ hylghqfh ri vljqlfdqw uhvlgxdo vhuldo fruuhodwlrq fdq eh d
sureohp/ dqg dv zh vxjjhvw ehorz/ d olnho| v|pswrp ri g|qdplf plvvshflfdwlrq
dqg qhjohfwhg vorsh khwhurjhqhlw|145
6141 Vorsh Khwhurjhqhlw| lq Vwdwlf Furvv0Frxqwu| Vdylqjv Uhjuhv0
vlrqv
Iru frqyhqlhqfh zh ehjlq rxu lqyhvwljdwlrq e| uhsurgxflqj wkh PEV*v +4<<;, {hg0
hhfwv uhjuhvvlrq iru wkh lqgxvwuldo frxqwulhv lq wdeoh 41 Zh uhihu wr wklv vshfl0
fdwlrq dv prgho Pf1 Wkh hvwlpdwhv xqghu prgho Pf lq wdeoh 4 duh lghqwlfdo wr
wkrvh uhsruwhg lq froxpq 4 ri wdeoh 6 lq PEV +4<<;,> h{fhsw iru d frxsoh ri w|srv1
Dsduw iurp wkh frh!flhqw ri wkh JGS jurzwk udwh +C-,/ doo wkh hvwlpdwhg frhi0
flhqwv duh vwdwlvwlfdoo| +vrph yhu| kljko|, vljqlfdqw/ dqg lq sduwlfxodu vxjjhvw
d vwurqj txdgudwlf uhodwlrqvkls ehwzhhq vdylqj dqg shu fdslwd lqfrph1 Krzhyhu/
dv srlqwhg rxw hduolhu/ wkh ydolglw| ri wkhvh hvwlpdwhv dqg wkh lqihuhqfhv edvhg rq
wkhp fulwlfdoo| ghshqg rq wkh h{whqw wr zklfk vorsh frh!flhqwv glhu dfurvv frxq0
wulhv/ dqg lq wkh fdvh ri vwdwlf prghov zkhwkhu wkhvh glhuhqfhv duh v|vwhpdwlf1
Zkhwkhu rq edodqfh lw lv uhdvrqdeoh wr ljqruh vorsh khwhurjhqhlw| fohduo| ghshqgv
rq wkh sduwlfxodu dssolfdwlrq xqghu frqvlghudwlrq/ dqg lw lv wkhuhiruh lpsruwdqw
wkdw wkh urexvwqhvv ri wkh {hg0hhfwv hvwlpdwhv wr vorsh khwhurjhqhlw| lv fkhfnhg/
dv idu dv srvvleoh/ rq d fdvh0e|0fdvh edvlv1
Dv lw zdv vkrzq lq vhfwlrq 514/ rqh lpsruwdqw lpsolfdwlrq ri qhjohfwhg vorsh
khwhurjhqhlw| lv wkh srvvlelolw| ri rewdlqlqj vsxulrxv qrqolqhdu hhfwv1 Zh h{0
soruhg wklv srvvlelolw| e| dgglqj txdgudwlf whupv lq `c U8c AAc dqg (.
wr wkh uhjuhvvruv douhdg| lqfoxghg lq prgho Pf1 Zkloh wkhuh pd| eh vrph d sulrul
dujxphqw iru d qrqolqhdu zhdowk hhfw lq wkh vdylqjv htxdwlrq/ wkh udwlrqdoh iru
45Lq jhqhudo/ wkh Frfkudqh0Rufxww w|sh fruuhfwlrqv gr qrw dghtxdwho| ghdo zlwk g|qdplf plv0
vshflfdwlrq1 Vhh Khqgu| +4<<6/ Fk1 :,/ dqg wkh glvfxvvlrq lq Vhfwlrq 5 rq whvwlqj iru frpprq
idfwru uhvwulfwlrqv1
^48`
qrqolqhdu hhfwv lq wkh fdvh ri wkh rwkhu wkuhh yduldeohv vhhpv ohvv fohdu1 Qhyhu0
wkhohvv/ dv fdq eh vhhq iurp wkh hvwlpdwhv uhsruwhg xqghu prgho P lq wdeoh 4/
doo wkhvh txdgudwlf whupv duh vwdwlvwlfdoo| kljko| vljqlfdqw1 Wkh txdgudwlf uhod0
wlrqvklsv ehwzhhq wkh sulydwh vdylqjv udwh dqg wkh yduldeohv`c AAc dqg(.
duh lq idfw pxfk vwurqjhu wkdq wkh txdgudwlf uhodwlrqvkls ehwzhhq vdylqjv dqg shu
fdslwd lqfrph wkdw PEV irfxv rq1 Wkh 7-2 ri wkh dxjphqwhg prgho/ fHf/ lv dovr
dssuhfldeo| odujhu wkdq wkdw rewdlqhg iru prgho Pf/ f.SS1 D vlplodu frqfoxvlrq
lv uhdfkhg xvlqj rwkhu prgho vhohfwlrq fulwhuld vxfk dv wkh Dndlnh Lqirupdwlrq
Fulwhulrq +DLF, dqg wkh Vfkzdu} Ed|hvldq Fulwhulrq +VEF, dovr uhsruwhg lq wdeoh
41
Dv dq dowhuqdwlyh wr wkh txdgudwlf vshflfdwlrqv xvhg lq prgho P/ zh lqyhv0
wljdwhg wkh srvvlelolw| wkdw wkh vorsh frh!flhqwv lq hdfk frxqwu| duh {hg ryhu
wlph/ exw duh doorzhg wr ydu| dfurvv frxqwulhv olqhduo| zlwk wkh vdpsoh phdqv ri
wkhlu zhdowk wr JGS udwlr ru wkhlu lqfrph shu fdslwd1 Pruh vshflfdoo|/ ghqrwh
wkh yhfwru ri vorsh frh!flhqwv iru frxqwu|  e| 

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Vxevwlwxwlqj wkh deryh h{suhvvlrq iru 
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Lqlwldoo| zh hvwlpdwhg doo wkh hohphqwv ri +
f
c
f
/ 
f2
, iuhho|/ exw irxqg wkdw lq
wkh fdvh ri doprvw doo wkh uhjuhvvruv 7`  zdv e| idu d ehwwhu sur{| wkdq t -L7
iru fdswxulqj vorsh khwhurjhqhlw| lq wklv dssolfdwlrq1 Wkh h{fhswlrq zdv wkh frhi0
flhqw ri wkh uhdo lqwhuhvw yduldeoh/ -UA 1 Wkh iuhho| hvwlpdwhg hohphqwv ri 
f
c

f
cdqg 
f2
/ wrjhwkhu zlwk wkhlu w0udwlrv duh jlyhq lq wdeoh 51 Dsduw iurp wkh fr0
h!flhqw ri wkh 7L- yduldeoh/ doo wkh rwkhu frh!flhqwv vkrz v|vwhpdwlf yduldwlrq
dfurvv frxqwulhv1 Wkh frh!flhqw ri wkh 7L- yduldeoh vhhpv wr eh ohdvw dhfwhg e|
46Lw lv dovr uhdvrqdeoh wr h{shfw wkdw lq dgglwlrq wr wkh v|vwhpdwlf hhfwv fkdudfwhul}hg wkurxjk
wkh ghshqghqfh ri 
l
rq Zl dqg \ UXVl/ wkh vorsh frh!flhqwv dovr glhu udqgrpo| dfurvv
l1 Vxfk d irupxodwlrq/ krzhyhu/ pryhv xv wrzdugv wkh phdq jurxs ru zhljkwhg phdq jurxs
hvwlpdwlrq surfhgxuhv glvfxvvhg lq Vhfwlrq 515/ zklfk zh vkdoo frqvlghu odwhu lq wklv vhfwlrq1
^49`
vorsh khwhurjhqhlw|/ dqg wkh k|srwkhvlv ri vorsh krprjhqhlw| fdq qrw eh uhmhfwhg
lq wkh fdvh ri wklv yduldeoh1 Krzhyhu/ qrqh ri wkh rwkhu hvwlpdwhv duh gluhfwo|
frpsdudeoh wr wkh {hg0hhfwv hvwlpdwhv jlyhq lq wdeoh 41 Lq sduwlfxodu/ wkh fr0
h!flhqwv ri rxwsxw jurzwk yduldeohv +C-| dqg C-|  7` , duh erwk vwdwlvwlfdoo|
vljqlfdqw/ zkloh wklv zdv qrw vr lq wkh fdvh ri wkh {hg0hhfwv hvwlpdwhv lq wdeoh
41 Fduh pxvw dovr eh h{huflvhg zkhq lqwhusuhwlqj wkhvh hvwlpdwhv1 Iru h{dpsoh/
wkh uhvxowv vxjjhvw wkdw wkh hhfw ri uhdo rxwsxw jurzwk rq wkh vdylqjv udwh lv
olnho| wr eh kljkhu lq d frxqwu| zlwk d kljk zhdowk0JGS udwlr1 Vlploduo|/ lq dwlrq
hhfwv rq wkh vdylqjv udwh duh hvwlpdwhg wr eh kljkhu lq frxqwulhv zlwk kljkhu
zhdowk wr JGS udwlrv1 Krzhyhu/ wkhvh uhvxowv gr qrw suhglfw/ iru lqvwdqfh/ wkdw dq
lqglylgxdo frxqwu|*v vdylqjv udwh zloo qhfhvvdulo| ulvh zlwk rxwsxw jurzwk1 wdeoh
6 jlyhv wkh frxqwu|0vshflf hvwlpdwhv wrjhwkhu zlwk wkhlu furvv0vhfwlrqdo dyhudjhv1
H{fhsw iru wkh frh!flhqw ri wkh VXU yduldeoh doo wkh rwkhu hvwlpdwhv vkrz frq0
vlghudeoh yduldwlrq dfurvv frxqwulhv1 Wkh frh!flhqw ri wkh rxwsxw jurzwk udwh/ iru
h{dpsoh/ udqjhv iurp 031544 +iru Juhhfh, wr 314:5 +iru Sruwxjdo,1 Wkh hhfw ri
lq dwlrq rq vdylqjv ydulhv dfurvv frxqwulhv hyhq pruh zlgho|> udqjlqj iurp 031475
wr 316:71 Wkh vdph dovr dssolhv wr wkh uhodwlyh lqfrph yduldeoh/ t -L71 Rqo|
wkh frh!flhqwv ri wkh jryhuqphqw h{shqglwxuh yduldeohv/ CL- dqg CU / gr qrw
fkdqjh vljq dqg uhpdlq qhjdwlyh dfurvv doo wkh 54 frxqwulhv1
Wkh frxqwu|0vshflf hvwlpdwhv lq wdeoh 6 duh rewdlqhg rq wkh dvvxpswlrq wkdw
wkh vorsh frh!flhqwv dfurvv frxqwulhv duh h{dfw olqhdu ixqfwlrqv ri 7`  dqg2ru
t -L7 Wkh xqghuo|lqj {hg0hhfwv uhjuhvvlrq lq wdeoh 5 dovr dvvxphv wkdw wkh
huuru yduldqfhv/ T @oE| ' j2 / duh wkh vdph dfurvv frxqwulhv1 Fohduo|/ wkhvh
duh udwkhu uhvwulfwlyh dvvxpswlrqv/ dqg wkh frqvhtxhqfhv ri lqfruuhfwo| lpsrvlqj
wkhp rq wkh sdudphwhuv ri lqwhuhvw qhhg wr eh h{dplqhg1 Xqghu wkh dowhuqdwlyh
dvvxpswlrq ri xquhvwulfwhg vorsh dqg huuru yduldqfh khwhurjhqhlw| frxqwu|0vshflf
hvwlpdwhv fdq eh rewdlqhg iurp lqglylgxdo frxqwu| uhjuhvvlrqv1 Phdq jurxs +PJ,
hvwlpdwhv frpsxwhg dv vlpsoh dyhudjhv ri frxqwu|0vshflf hvwlpdwhv iurp frxqwu|
vshflf uhjuhvvlrqv fdq wkhq eh xvhg wr pdnh lqihuhqfhv derxw .E '  dorqj
wkh olqhv uhylhzhg lq vhfwlrq 5151
Zh uvw hvwlpdwhg wkh edvlf PEV vshflfdwlrq frqwdlqlqj wkh uhodwlyh lqfrph
yduldeoh +t -L7, dqg lwv vtxduh +t -L72 iru 53 rxw ri wkh 54 RHFG hfrqrplhv
lq wkh sdqho1 Zh kdg wr h{foxgh wkh X1V1 htxdwlrq iurp wklv dqdo|vlv vlqfh lwv
sdudphwhuv duh qrw lghqwlhg147 Wkh txdgudwlf whupv t -L72| zhuh vwdwlvwlfdoo|
vljqlfdqw rqo| lq wkh fdvh ri irxu frxqwulhv= Dxvwuld/ Ehojlxp/ Luhodqg/ dqg
Qruzd|1 Lq ylhz ri wklv dqg ehdulqj lq plqg wkdw wkh vwdwlvwlfdo vljqlfdqfh
47Qrwlfh wkdw \ UXVlw lv ghqhg dv wkh udwlr ri frxqwu| l*v JGS shu fdslwd wr wkdw ri wkh
X1V1/ dqg khqfh lw lv lqglvwlqjxlvkdeoh iurp dq lqwhufhsw lq wkh X1V1 vdylqj htxdwlrq1 D pruh
dssursuldwh phdvxuh zrxog eh wr phdvxuh lqfrph shu fdslwd uhodwlyh wr wkh lqgxvwuldo frxqwulhv
dyhudjh dqg wkxv dyrlg wkh lghqwlfdwlrq sureohp lq wkh fdvh ri wkh X1V1 vdylqj htxdwlrq1
^4:`
ri wkh qrqolqhdu hhfwv lq {hg0hhfwv uhjuhvvlrqv frxog eh vsxulrxv/ srvvleo|
uh hfwlqj v|vwhpdwlf vorsh khwhurjhqhlw|/ zh ghflghg wr frqqh rxu dqdo|vlv wr
olqhdu lqglylgxdo frxqwu| uhjuhvvlrqv1 Wkh uhvxowv duh vxppdul}hg lq wdeoh 71 Wkh
hvwlpdwhg vorsh frh!flhqwv glhu frqvlghudeo| dfurvv frxqwulhv/ erwk lq whupv ri
wkhlu pdjqlwxgh dqg wkhlu vwdwlvwlfdo vljqlfdqfh1 Vrph ri wkh frh!flhqwv duh
vwdwlvwlfdoo| vljqlfdqw rqo| lq wkh fdvh ri 6 ru 7 frxqwulhv dqg lq jhqhudo duh
yhu| srruo| hvwlpdwhg148 Wklv lv wuxh ri wkh frh!flhqwv ri CUc C-c `c AA
dqg t -L71 Dovr wkh vljq ri wkhvh hvwlpdwhg frh!flhqwv ydu| txlwh zlgho| dfurvv
frxqwulhv1 Wkh frh!flhqwv ri -UA dqg LQI duh ehwwhu hvwlpdwhg/ exw vwloo
glhu vljqlfdqwo| erwk lq pdjqlwxgh dqg lq vljq dfurvv wkh frxqwulhv1 Rqo| wkh
hvwlpdwhg frh!flhqwv ri wkh 7L- dqg CL- yduldeohv duh hvwlpdwhg suhflvho|
dqg whqg wr eh vlplodu dfurvv frxqwulhv1 Wkh frh!flhqw ri 7L- lv hvwlpdwhg wr
eh qhjdwlyh lq 4< rxw ri wkh 53 frxqwulhv1 Wkh srvlwlyh hvwlpdwh +rewdlqhg iru
Qhz ]hdodqg, lv yhu| vpdoo dqg qrw vwdwlvwlfdoo| vljqlfdqw1 Wkluwhhq ri wkhvh
hvwlpdwhg frh!flhqwv duh qhjdwlyh dqg vwdwlvwlfdoo| vljqlfdqw1 Vlploduo|/ 4: rxw
ri 53 frh!flhqwv hvwlpdwhg iru wkh CL- yduldeoh kdyh d qhjdwlyh vljq1 Qrqh
ri wkh wkuhh srvlwlyh frh!flhqwv hvwlpdwhg iru CL- duh vwdwlvwlfdoo| vljqlfdqw/
dqg : ri wkh 4: qhjdwlyh frh!flhqwv duh vwdwlvwlfdoo| vljqlfdqw1
Wkh phdq jurxs hvwlpdwhv edvhg rq wkh lqglylgxdo frxqwu| uhjuhvvlrqv lq wdeoh
7 vxssruw wkhvh jhqhudo frqfoxvlrqv1 Rqo| wkh PJH ri wkh 7L- dqg wkh CL-
yduldeohv duh vwdwlvwlfdoo| vljqlfdqw +vhh wkh odvw wzr urzv ri wdeoh 7,1 Dw 0319:4/
wkh PJH ri wkh 7L- yduldeoh lv rqo| pdujlqdoo| kljkhu wkdq wkh fruuhvsrqglqj
{hg0hhfwv hvwlpdwh lq wdeoh 5 wkdw doorzv iru vrph vorsh khwhurjhqhlw|1 Wkh
PJH ri wkhCL- yduldeoh +031734, lv dovr vlplodu wr wkh dyhudjh hvwlpdwh +031783,
uhsruwhg lq wdeoh 6/ frpsxwhg xvlqj wkh {hg0hhfwv/ ydu|lqj0vorsh uhjuhvvlrq ri
wdeoh 51 Wkhvh uhvxowv duh txlwh hqfrxudjlqj> exw ehiruh uhdfklqj d frqfoxvlrq
zh dovr qhhg wr frqvlghu wkh srvvleoh hhfwv ri plv0vshflhg g|qdplfv rq wkh
hvwlpdwhv1
6151 Vorsh Khwhurjhqhlw| lq G|qdplf Furvv0Frxqwu| Vdylqjv Uhjuhv0
vlrqv
Wkh {hg0hhfwv vwdwlf sulydwh vdylqjv uhjuhvvlrqv uhsruwhg lq wdeohv 4 dqg 5
duh vxemhfw wr d vxevwdqwldo ghjuhh ri uhvlgxdo vhuldo fruuhodwlrq/ dqg dv srlqwhg
rxw hduolhu fdq ohdg wr lqfrqvlvwhqw hvwlpdwhv hyhq xqghu vorsh krprjhqhlw| vlqfh
wkh zhdowk yduldeoh/ ` / lv lq idfw frqvwuxfwhg iurp dffxpxodwlrq ri sdvw vdylqjv1
Suhvhqfh ri uhvlgxdo vhuldo fruuhodwlrq frxog eh gxh wr d krvw ri idfwruv= rplwwhg
yduldeohv/ qhjohfwhg vorsh khwhurjhqhlw| lq wkh fdvh ri vhuldoo| fruuhodwhg uhjuhv0
vruv/ dqg ri frxuvh qhjohfwhg g|qdplfv1 Iurp wkh gldjqrvwlf vwdwlvwlfv surylghg
48Lq Wdeoh 7 wkh vwdwlvwlfdoo| vljqlfdqw hvwlpdwhv +dw wkh <8 shu fhqw ohyho, duh vkrzq lq erog1
^4;`
lq wkh vhfrqg sduw ri wdeoh 7 lw lv fohdu wkdw hyhq zkhq wkh vorsh frh!flhqwv duh
doorzhg wr eh hvwlpdwhg iuhho| dfurvv frxqwulhv wkh uhvlgxdo vhuldo fruuhodwlrq vwloo
frqwlqxhv wr eh d sureohp/ dw ohdvw lq wkh fdvh ri vrph/ li qrw doo wkh frxqwulhv149
Wkh gldjqrvwlf vwdwlvwlfv frpsxwhg iru wkh lqglylgxdo frxqwu| uhjuhvvlrqv vkrz
vwdwlvwlfdoo| vljqlfdqw hylghqfh ri uhvlgxdo vhuldo fruuhodwlrq lq wkh fdvh ri ; ri
wkh 53 frxqwulhv= Ehojlxp/ Ilqodqg/ Jhupdq|/ Juhhfh/ Qhz ]hdodqg/ Qruzd|/
Vsdlq dqg Vzhghq14: Wkh xvxdo wlph vhulhv whfkqltxh iru ghdolqj zlwk g|qdplf
plvvshflfdwlrq lv wr hvwlpdwh huuru fruuhfwlrq prghov edvhg rq dxwruhjuhvvlyh
glvwulexwhg odj +DUGO, prghov ri wkh w|sh glvfxvvhg lq vhfwlrq 51 DUGO prghov
kdyh wkh dgydqwdjh wkdw wkh| duh urexvw wr lqwhjudwlrq dqg frlqwhjudwlrq surshu0
wlhv ri wkh uhjuhvvruv/ dqg iru vx!flhqwo| kljk odj rughuv frxog eh lppxqh wr wkh
hqgrjhqhlw| sureohp/ dw ohdvw dv idu dv wkh orqj0uxq surshuwlhv ri wkh prgho duh
frqfhuqhg14; Lq wkh suhvhqw dssolfdwlrq revhuydwlrqv iru hdfk lqglylgxdo frxqwu|
duh dydlodeoh iru wrr vkruw d shulrg wr hvwlpdwh hyhq d uvw0rughu DUGO prgho
lqfoxglqj doo wkh 43 uhjuhvvruv iru hdfk frxqwu| vhshudwho|14< Srrolqj lq wkh irup
ri {hg0hhfwv hvwlpdwlrq fdq frpshqvdwh iru odfn ri wlph vhulhv revhuydwlrqv exw
dv zh kdyh vkrzq wklv fdq kdyh lwv rzq vhw ri sureohpv1
Wr fkhfn wkh urexvwqhvv ri wkh vwdwlf {hg0hhfwv hvwlpdwhv suhvhqwhg lq
wdeoh 5 wr g|qdplf plvvshflfdwlrq zh hvwlpdwhg wkh iroorzlqj uvw0rughu g|qdplf
sdqho gdwd prgho=
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Wkh frxqwu|0vshflf orqj0uxq frh!flhqwv duh jlyhq e|
w ' Ef n  n f 7` *E b +617,
Zh dovr frqvlghuhg wkh lqfoxvlrq ri wkh zhljkwhg odjjhg yduldeohv 7`  c|3 dqg
7`
+c|3 wr wkh prgho exw glg qrw qg wkhp wr eh vwdwlvwlfdoo| vljqlfdqw1 Wkh
{hg0hhfwv hvwlpdwhv frpsxwhg xvlqj doo wkh 54 frxqwulhv ryhu wkh shulrg 4<:50
4<<6 duh jlyhq lq wdeoh 8153 Fohduo|/ wkhuh duh vljqlfdqw g|qdplfv/ sduwlfxoduo|
lq wkh uhodwlrqvkls ehwzhhq fkdqjhv lq wkh jryhuqphqw vxusoxv dqg h{shqglwxuh
49Wkh gldjqrvwlf vwdwlvwlfv duh frpsxwhg xvlqj wkh Odjudqjh pxowlsolhu surfhgxuh ghvfulehg/
iru h{dpsoh/ lq Shvdudq dqg Shvdudq +4<<:/ Vhfwlrq 4;1815,/ dqg duh ydolg luuhvshfwlyh ri zkhwkhu
wkh uhjuhvvlrqv frqwdlq odjjhg ghshqghqw yduldeohv/ lpsolflwo| ru h{solflwo|1
4:Xqghu vorsh krprjhqhlw| uhvwulfwlrqv/ uhvlgxdo vhuldo fruuhodwlrq lv d sureohp iru doo wkh
frxqwulhv lq wkh sdqho1
4;Iru d ghwdlohg glvfxvvlrq vhh Shvdudq dqg Vklq +4<<<,1
4<D uvw0rughu DUGO prgho lq wkh sulydwh vdylqjv udwh iru hdfk frxqwu| wkdw frqwdlqv doo 43
uhjuhvvruv zrxog lqyroyh hvwlpdwlqj 55 xqnqrzq sdudphwhuv zlwk rqo| 55 wlph vhulhv revhuydwlrqv
dydlodeoh shu frxqwu|$
53Iru uhodwlyho| vlpsoh g|qdplf prghov zkhuh W +@ 55, lv uhdvrqdeo| odujh dqg ri wkh vdph
rughu ri pdjqlwxgh dv Q +@ 54,/ wkh dssolfdwlrq ri wkh LY w|sh hvwlpdwruv wr d uvw glhuhqfhg
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yduldeohv +7L-/ CL-/ dqg CU, dqg wkh sulydwh vdylqjv udwh1 Wkhuh lv dovr
lpsruwdqw hylghqfh ri furvv0vhfwlrqdo yduldwlrqv lq wkh frh!flhqwv ri wkh zhdowk/
lqfrph dqg ghprjudsklf yduldeohv +` / t -L7 dqg (. ,1 Krzhyhu/ xqolnh wkh
vwdwlf hvwlpdwhv lq wdeoh 5/ wkh frh!flhqwv ri JGS jurzwk dqg wkh uhdo lqwhuhvw udwh
duh qr orqjhu vwdwlvwlfdoo| vljqlfdqw1 Ryhudoo/ wklv htxdwlrq suhvhqwv d vxevwdqwldo
lpsuryhphqw ryhu wkh vwdwlf {hg0hhfwv hvwlpdwhv1 Lq idfw wkh hvwlpdwhg vwdqgdug
huuru ri wklv g|qdplf uhjuhvvlrq lv 95 shufhqw orzhu wkdq wkh vwdqgdug huuru ri wkh
{hg0hhfwv hvwlpdwhv idyrxuhg e| PEV +4<<;,/ dqg uhsurgxfhg lq wkh uvw froxpq
ri wdeoh 41
Xvlqj wkh irupxod +617, zh rewdlqhg wkh iroorzlqj hvwlpdwhv ri wkh orqj0uxq
frh!flhqwv=
7L- fe2
E3
CL- fbH
E3eSD
CU f2f2
E3fb
C- fffe
E3ff
-UA fDe
ESe
` f22e
EeDH
ffffD.
E3..
7`

U8 f2eH
Ef
AA fS
Ee
t -L7 He
E2DH
fffe.
E32b2
7`

(. f.fH
E2b
fff2.
E32Se
7`

Dffruglqj wr wkhvh hvwlpdwhv wkh orqj0uxq frh!flhqwv ri wkh 7L- dqgCL- ydul0
deohv duh vwloo vwdwlvwlfdoo| vljqlfdqw/ dowkrxjk wkh frh!flhqw ri wkh 7L- yduldeoh
lv qrz hvwlpdwhg wr eh pxfk orzhu wkdq wkh hvwlpdwh edvhg rq wkh vwdwlf uhjuhv0
vlrqv1 Wkh orqj0uxq frh!flhqwv ri wkh CU/ C- dqg -UA yduldeohv duh qr orqjhu
vwdwlvwlfdoo| vljqlfdqw1 Lw dsshduv wkdw lq frqwudvw wr jryhuqphqw frqvxpswlrq
h{shqglwxuhv/ wkh hhfw ri fkdqjhv lq jryhuqphqw lqyhvwphqw h{shqglwxuhv rq sul0
ydwh vdylqjv lv whpsrudu| dqg whqgv wr }hur lq wkh orqj uxq1 Wkh lq dwlrq dqg
wkh whupv ri wudgh yduldeohv +U8 dqg AA , kdyh wkh h{shfwhg vljqv dqg duh
dovr vwdwlvwlfdoo| vljqlfdqw1 Wkh orqj0uxq frh!flhqwv ri wkh uhpdlqlqj yduldeohv
yhuvlrq ri +616, grhv qrw vhhp qhfhvvdu|/ dqg fdq ohdg wr frqvlghudeoh orvv ri h!flhqf|1 Wkh
hvwlpdwlrq ri {hg0hhfwv g|qdplf sdqho gdwd prghov zkhq wkh wlph glphqvlrq lv vkruw/ vd|
lq wkh udqjh ri 6043/ dqg wkh furvv0vhfwlrqdo glphqvlrq lv uhodwlyho| odujh/ vd| 83 ru pruh/ lv
glvfxvvhg lq Dqghuvrq dqg Kvldr +4<;4/4<;5,/ Duhoodqr dqg Erqg +4<<4,/ dqg pruh uhfhqwo| lq
Kvldr/ Shvdudq/ dqg Wdkplvflrjox +4<<;,1
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ydu| zlwk frxqwu|0vshflf dyhudjh zhdowk0JGS udwlr dqg zkhq dyhudjhg dfurvv
frxqwulhv |lhog wkh ydoxhv ri ffe dff2So/ fH df2bo dqg feH df2Do iru
` / t -L7/ dqg (. yduldeohv uhvshfwlyho|1 Wkh furvv0vhfwlrqdo vwdqgdug huuruv
ri wkhvh hvwlpdwhv duh jlyhq lq vtxduh eudfnhwv1 Wkh dyhudjh hvwlpdwh ri wkh frhi0
flhqw ri wkh uhodwlyh lqfrph yduldeoh kdv wkh zurqj vljq/ exw lw lv qrw vwdwlvwlfdoo|
vljqlfdqw1 Wkh dyhudjh hvwlpdwhv ri wkh rwkhu wzr frh!flhqwv kdyh wkh h{shfwhg
vljqv/ exw duh qrw vwdwlvwlfdoo| vljqlfdqw hlwkhu1 Lw lv fohdu wkdw wkh hhfwv ri
pdq| ri wkh uhjuhvvruv frqvlghuhg lq wkh PEV vwxg| duh qrw urexvw wr g|qdplf
plvvshflfdwlrqv1
Exw ehiruh uhdfklqj d qdo frqfoxvlrq zh dovr qhhg wr h{dplqh wkh frqvh0
txhqfhv ri mrlqwo| doorzlqj iru xquhvwulfwhg vkruw0uxq vorsh khwhurjhqhlw| dqg g|0
qdplfv154 Wr wklv hqg zh hvwlpdwhg lqglylgxdo frxqwu| uhjuhvvlrqv frqwdlqlqj
uvw0rughu odjjhg ydoxhv ri wkh vdylqjv udwhv/ 7Tc|31 Wkh PJ hvwlpdwhv ri
wkh orqj uxq frh!flhqwv edvhg rq wkhvh g|qdplf lqglylgxdo frxqwu| uhjuhvvlrqv
duh jlyhq lq wdeoh 9155 Iru hdvh ri frpsdulvrq zh kdyh dovr lqfoxghg PJH edvhg
rq d vwdwlf yhuvlrq ri wkhvh uhjuhvvlrqv/ dv zhoo dv wkh fruuhvsrqglqj {hg0hhfwv
hvwlpdwhv1 Xqolnh wkh {hg0hhfwv hvwlpdwhv wkh frqvhtxhqfhv ri doorzlqj iru g|0
qdplfv rq wkh PJ hvwlpdwhv duh udwkhu olplwhg1 Rqfh djdlq rqo| wkh frh!flhqwv
ri wkh 7L- dqg wkh CL- yduldeohv duh vwdwlvwlfdoo| vljqlfdqw> dowkrxjk wkh
g|qdplf PJ hvwlpdwhv vxjjhvw wkh frh!flhqw ri wkh AA yduldeoh dovr wr eh
pdujlqdoo| vljqlfdqw1
Ilqdoo|/ lq wkh odvw froxpq ri wdeoh 9 zh jlyh wkh srrohg phdq jurxs hvwlpdwhv
ri wkh orqj0uxq frh!flhqwv uhfhqwo| sursrvhg e| Shvdudq/ Vklq dqg Vplwk +4<<<,/
zkhuh wkh vkruw0uxq g|qdplfv duh doorzhg wr glhu iuhho| dfurvv frxqwulhv exw
htxdolw| uhvwulfwlrqv duh lpsrvhg rq rqh ru pruh ri wkh orqj0uxq frh!flhqwv1 Wkh
udwlrqdoh ehlqj wkdw gxh wr glhuhqfhv lq idfwruv vxfk dv dgmxvwphqw frvwv ru wkh
lqvwlwxwlrqdo vhw0xs dfurvv frxqwulhv vorsh krprjhqhlw| lv pruh olnho| wr eh ydolg
lq wkh orqj uxq1 Wkh srrohg phdq jurxs hvwlpdwhv +SPJH, lq wdeoh 9 lpsrvh
wkh vorsh krprjhqhlw| uhvwulfwlrqv rqo| rq wkh orqj0uxq frh!flhqwv ri wkh 7L-
yduldeoh1 Zh glg wu| vlplodu uhvwulfwlrqv rq wkh rwkhu orqj0uxq frh!flhqwv/ exw wkh|
zhuh uhmhfwhg xvlqj d Kdxvpdq0w|sh whvw wkdw frpsduhv wkh PJ dqg wkh SPJ
hvwlpdwhv156 Rqo| wkh krprjhqhlw| uhvwulfwlrqv rq wkh orqj0uxq frh!flhqwv ri wkh
7L- yduldeoh frxog qrw eh uhmhfwhg1 Dv h{shfwhg/ wkh SPJH duh jhqhudoo| pruh
suhflvho| hvwlpdwhg dqg frqup wkdw dprqjvw wkh ydulrxv ghwhuplqdqwv ri sulydwh
vdylqjv frqvlghuhg e| PEV rqo| wkh hhfwv ri wkh 7L- dqg wkh CL- yduldeohv
54Wkh hvwlpdwhv lq Wdeoh 8 rqo| doorz iru d olplwhg ghjuhh ri vorsh khwhurjhqhlw|1
55Lqglylgxdo frxqwu| uhjuhvvlrqv wkdw xqghuolh wkh hvwlpdwlrq ri wkh PJH duh dydlodeoh iurp
wkh dxwkruv rq uhtxhvw1
56Iru ghwdlov ri wkh Kdxvpdq whvw dssolhg wr PJ dqg SPJ hvwlpdwhv vhh Shvdudq/ Vklq dqg
Vplwk +4<<<,1
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vhhp wr eh uhdvrqdeo| urexvw wr wkh suhvhqfh ri vorsh khwhurjhqhlw| dqg |lhog
sodxvleoh hvwlpdwhv iru wkh r0vhwwlqj hhfwv ri jryhuqphqw exgjhw vxusoxvhv dqg
jryhuqphqw frqvxpswlrq h{shqglwxuhv rq sulydwh vdylqjv dfurvv RHFG frxqwulhv1
71 Frqfoxglqj Uhpdunv
Jlyhq wkh sdxflw| ri orqj wlph vhulhv rq lqglylgxdo frxqwulhv/ h{dplqdwlrq ri pdq|
pdfurhfrqrplf k|srwkhvhv lq wkh olwhudwxuh uholhv rq furvv0frxqwu| sdqho gdwd1
Pxfk ri wklv olwhudwxuh lv edvhg rq vlpsoh {hg0hhfwv hvwlpdwruv dqg grhv qrw
dghtxdwho| dgguhvv wkh srvvlelolw| wkdw wkhuh pd| eh frqvlghudeoh khwhurjhqhlw|
lq vkruw0uxq dqg orqj0uxq sdudphwhuv dfurvv frxqwulhv1 Wklv sdshu kdv vkrzq
wkdw qhjohfwlqj khwhurjhqhlw| dqg g|qdplfv lq furvv0frxqwu| vdylqjv uhjuhvvlrqv
fdq ohdg wr plvohdglqj lqihuhqfhv derxw wkh nh| ghwhuplqdqwv ri vdylqjv ehkdylru1
Li glhuhqfhv dfurvv frxqwulhv duh ljqruhg/ rqh fdq ryhuhvwlpdwh wkh lq xhqfh ri
fhuwdlq idfwruv rq wkh sulydwh vdylqjv udwhv dqg dw wkh vdph wlph rewdlq kljko|
vljqlfdqw/ exw vsxulrxv/ qrqolqhdu hhfwv iru vrph ri wkh srwhqwldo ghwhuplqdqwv1
Rxu uhvxowv lqglfdwh wkdw vfdo yduldeohv  wkh jhqhudo jryhuqphqw vxusoxv dv
d sursruwlrq ri JGS dqg wkh udwlr ri jryhuqphqw frqvxpswlrq wr JGS duh wkh
nh| ghwhuplqdqwv ri sulydwh vdylqjv udwhv lq wkh lqgxvwuldo frxqwulhv lq wkh srvw
zruog zdu LL shulrg1 Nhhslqj jryhuqphqw frqvxpswlrq frqvwdqw/ wkh hvwlpdwhg
sdudphwhuv lpso| wkdw wkh Ulfdugldq rvhw lq sulydwh vdylqjv ri d ghfuhdvh lq wkh
jryhuqphqw vxusoxv lv txlwh odujh +derxw 31< lq wdeoh 9,1 Wkh hvwlpdwhg sdudphwhuv
dovr lpso| wkdw fkdqjhv lq jryhuqphqw frqvxpswlrq kdyh d glhuhqw lpsdfw rq
wkh sulydwh vdylqjv udwh wkdq fkdqjhv lq jryhuqphqw lqyhvwphqw1 Lq idfw/ rqfh
vorsh khwhurjhqhlw| lv dghtxdwho| wdnhq lqwr dffrxqw wkh lpsdfw ri jryhuqphqw
lqyhvwphqw h{shqglwxuhv rq sulydwh vdylqj lv qrw vwdwlvwlfdoo| vljqlfdqw1 Wkh
uhvxowv lq wkh sdshu dovr surylgh vrph vxssruw iru wkh Kduehujhu0Odxuvhq0Phw}ohu
hhfw zlwk lpsurylqj whupv ri wudgh kdylqj d vpdoo srvlwlyh hhfw rq wkh sulydwh
vdylqjv udwh1 Iru wkh RHFG hfrqrplhv ryhu wkh shulrg xqghu frqvlghudwlrq/ zh
gr qrw qg dq| hylghqfh wkdw wkh udwh ri rxwsxw jurzwk/ wkh lq dwlrq udwh/ wkh
uhdo lqwhuhvw udwh/ wkh udwlr ri zhdowk wr JGS/ ru wkh ghshqghqf| udwlr kdyh kdg
d vwdwlvwlfdoo| vljqlfdqw +orqj0whup, hhfw rq wkh sulydwh vdylqjv udwh1
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D1 Dsshqgl{
Vxssrvh wkh ghshqghqw yduldeohv +|c  ' c 2c c c duh jhqhudwhg dffruglqj wr wkh
iroorzlqj vlpsoh/ vwdwlf sdqho gdwd prgho=
+| ' > n q%| n |c  ' c2c c  ( | ' c 2c c A +D14,
Wkh lqwhufhswv/ >/ dv zhoo dv wkh vorshv/ q/ duh doorzhg wr ydu| dfurvv jurxsv1
Lqwhufhswv zloo eh wuhdwhg dv {hg0hhfwv1 Iru wkh vorshv zh xvh wkh udqgrp0
frh!flhqwv prgho
q ' q n #c  ' c 2c cc +D15,
exw doorz iru wkh srvvlelolw| ri v|vwhpdwlf ghshqghqfh ehwzhhq # dqg wkh uhjuhv0
vruv %| dqg 5|1 Lq wklv dsshqgl{ zh ghulyh wkh lqfrqvlvwhqf| ri wkh {hg0hhfwv
hvwlpdwruv ri wkh vorsh frh!flhqwv B% dqg B5 lq wkh pruh jhqhudo sdqho gdwd prgho
+| ' knB%%|n B55|n| ' kn

|n|c  ' c 2c c ( | ' c 2c c Ac +D16,
zkhq lq idfw wkh +|*v duh jhqhudwhg dffruglqj wr +D14,1 Wr vlpsoli| wkh ghulydwlrqv
zh pdnh wkh iroorzlqj dvvxpswlrqv=
Dvvxpswlrq D14= | lv vhuldoo| xqfruuhodwhg dqg glvwulexwhg lqghshqghqwo|
ri | iru doo  9' 1
Dvvxpswlrq D15= | ' E%|c 5| lv glvwulexwhg lqghshqghqwo| ri |/ iru doo
/ | dqg |157
Dvvxpswlrq D16= | iroorzv d fryduldqfh vwdwlrqdu| surfhvv zlwk wkh yduldqfh0
fryduldqfh pdwul{/ l/ ghqhg e| +51<,/ vxfk wkdw
.El ' *4
<"
#
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$
c +D17,
lv d srvlwlyh ghqlwh pdwul{1
Dvvxpswlrq D17= Iru hdfk |/ | lv glvwulexwhg lqghshqghqwo| dfurvv 1
Dowkrxjk/ qrw doo wkh deryh dvvxpswlrqv duh qhfhvvdu| zkhq erwk  dqg A duh
vx!flhqwo| odujh1 Iru h{dpsoh/ dvvxpswlrq D17 lv qrw qhhghg zkhq A lv vx!flhqwo|
odujh1 Dvvxpswlrq D16 fdq eh uhod{hg zkhq A lv vpdoo1 Lw lv dovr zruwk qrwlqj
wkdw dvvxpswlrq D16 grhv qrw uhtxluh wkh fruuhodwlrq pdwul{ ri wkh uhjuhvvruv iru
doo  wr eh qrq0vlqjxodu/ rqo| wkdw wkh srrohg fryduldqfh pdwul{/ .Elc ghqhg
e| +D17,/ vkrxog eh qrq0vlqjxodu1
57Wkhvh dvvxpswlrqv uhtxluh zlw wr eh vwulfwo| h{rjhqrxv/ dqg wkhuhiruh uxoh rxw wkh fdvh
zkhuh wkh prgho frqwdlqv odjjhg ghshqghqw yduldeohv1 Wkh sureohp ri lqfrqvlvwhqf| ri {hg0 ru
udqgrp0hhfwv hvwlpdwruv ri g|qdplf sdqho gdwd prghov xqghu vorsh khwhurjhqhlw| lv dgguhvvhg
lq Shvdudq dqg Vplwk +4<<8,1
^56`
Lq pdwul{ qrwdwlrqv +D14, dqg +D16, fdq eh zulwwhq dv=
) ' >n q  n c +D18,
dqg
) ' kn` n c +D19,
uhvshfwlyho|/ zkhuh
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Wkh {hg0hhfwv hvwlpdwruv ri wkh vorsh frh!flhqwv lq +D19, fdq eh zulwwhq dv=
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Lw lv qrz hdvlo| vhhq wkdw xqghu dvvxpswlrqv D140D17 dqg iru  dqg2ru A vx!0
flhqwo| odujh
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58Wkh {hg hhfwv hvwlpdwru lq +D1:, dvvxphv d edodqfhg sdqho1 Exw wkh uhvxowv uhdglo| h{whqg
wr xqedodqfhg sdqhov1
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Lq wkh fdvh zkhuh wkh vorshv duh krprjhqrxv/ qdpho| q ' q/ zh kdyh
solpE	8. '
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 +D144,
Frqvlghu qrz wkh fdvh zkhuh wkh vorshv duh khwhurjhqrxv1 Xvlqj +D15, lq
+D143,/ lw lv hdvlo| vhhq wkdw wkh frqvlvwhqf| uhvxow lq +D144, zloo iroorz li dqg rqo|
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Wklv frqglwlrq krogv xqghu wkh udqgrp frh!flhqw vshflfdwlrq zkhuh lw lv dvvxphg
wkdw #*v duh glvwulexwhg lqghshqghqwo| ri | iru doo  dqg |1 +Vhh dovr Vzdp|
+4<:3,,1 Xqghu dvvxpswlrq D16 dqg dv A $4 zh kdyh
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Wkhuhiruh/ iru wkh {hg0hhfwv hvwlpdwruv/ +D1:,/ wr eh frqvlvwhqw zh pxvw kdyh
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$ fc +D146,
dv  $4 Qdpho|/ dq| v|vwhpdwlf ghshqghqfh ehwzhhq q dqg wkh vhfrqg rughu
prphqwv ri wkh vwhdg| vwdwh glvwulexwlrq ri wkh uhjuhvvruv | pxvw dovr eh uxohg
rxw1 Zkhq wkh frqglwlrqv lq +D146, duh qrw vdwlvhg wkh lqfrqvlvwhqflhv ri wkh
{hg0hhfwv hvwlpdwruv +iru A dqg  vx!flhqwo| odujh, duh jlyhq e|59
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+D148,
59Qrwlfh wkdw xqghu vorsh khwhurjhqhlw| wkh {hg hhfwv hvwlpdwruv duh lqfrqvlvwhqw zkhq Q
lv qlwh dqg rqo| W $41
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Uhihuhqfhv
^4` Dqghuvrq/ W1Z1 dqg F1 Kvldr/ +4<;4,/ Hvwlpdwlrq ri G|qdplf Prghov zlwk
Huuru Frpsrqhqwv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ Yro1 :9/
ss1 8<;9391
^5` Dqghuvrq/ W1Z1 dqg F1 Kvldr/ +4<;5,/ Irupxodwlrq dqg Hvwlpdwlrq ri G|0
qdplf Prghov Xvlqj Sdqho Gdwd/ Mrxuqdo ri Hfrqrphwulfv/ Yro1 4;/ ss1
7:;51
^6` Duhoodqr/ P1 dqg V1 Erqg/ +4<<4,/ Vrph Whvwv ri Vshflfdwlrq iru Sdqho
Gdwd= Prqwh Fduor Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv/
Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 8;/ ss1 5::5<:1
^7` Dwwdqdvlr/ R1S1/ O1 Slffl/ dqg D1 Vfrufx/ +4<<;,/ Vdylqj/ Jurzwk dqg Lqyhvw0
phqw= D Pdfurhfrqrplf Dqdo|vlv Xvlqj d Sdqho ri Frxqwulhv/ Xqsxeolvkhg
Pdqxvfulsw/ Xqlyhuvlw| Froohjh Orqgrq dqg Xqlyhuvlw| ri Erorjqd1
^8` Fdoohq/ W1 dqg F1 Wklpdqq/ +4<<:,/ Hpslulfdo Ghwhuplqdqwv ri Krxvhkrog
Vdylqj= Hylghqfh iurp RHFG Frxqwulhv/ LPI Zrunlqj Sdshu/ ZS2<:24;4/
+Zdvklqjwrq= Lqwhuqdwlrqdo Prqhwdu| Ixqg,1
^9` Fduuroo/ F1G1 dqg G1Q1 Zhlo/ +4<<7,/ Vdylqj dqg Jurzwk= D Uhlqwhusuhwd0
wlrq/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ Yro1 73/ ss1
4664<51
^:` Gd|do0Jxodwl/ D1 dqg F1 Wklpdqq/ +4<<:,/ Vdylqj lq Vrxwk Hdvw Dvld dqg
Odwlq Dphulfd Frpsduhg= Vhdufklqj iru Srolf| Ohvvrqv/ LPI Zrunlqj Sd0
shu/ ZS2<:2443/ +Zdvklqjwrq= Lqwhuqdwlrqdo Prqhwdu| Ixqg,1
^;` Hgzdugv/ V1/ +4<<9,/ Zk| Duh Odwlq Dphulfd*v Vdylqjv Udwhv vr OrzB Dq
Lqwhuqdwlrqdo Frpsdudwlyh Dqdo|vlv/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/
Yro1 84/ ss1 8771
^<` Jloehuw/ F1O1/ +4<;9,/ Surihvvru Khqgu|*v Hfrqrphwulf Phwkrgrorj|/ R{0
irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 7;/ ss1 5;663:1
^43` Khqgu|/ G1I1/ +4<<6,/ Hfrqrphwulfv= Dofkhp| ru VflhqfhB/ Eodfnzhoo/ R{0
irug1
^44` Kvldr/ F1 +4<;9,/ Dqdo|vlv ri Sdqho Gdwd/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdp0
eulgjh1
^5:`
^45` Kvldr/ F1/ P1K1 Shvdudq/ dqg D1N1 Wdkplvflrjox/ +4<<;,/ Pd{lpxp Olnh0
olkrrg Hvwlpdwlrq ri Il{hg0Hhfwv G|qdplf Sdqho Gdwd Prghov Fryhu0
lqj Vkruw Wlph Shulrgv/ Xqsxeolvkhg Pdqxvfulsw/ Xqlyhuvlw| ri Vrxwk0
huq Fdoliruqld dqg Fdpeulgjh Xqlyhuvlw|1 Dydlodeoh yld wkh Lqwhuqhw=
kwws=22zzz1hfrq1fdp1df1xn2idfxow|2shvdudq21
^46` Kvldr/ F1/ P1K1 Shvdudq/ dqg D1N1 Wdkplvflrjox/ +4<<<,/ Ed|hv Hvwlpdwlrq
ri Vkruw0Uxq Frh!flhqwv lq G|qdplf Sdqho Gdwd Prghov/ lq F1 Kvldr/ N1
Odklul/ O10I1 Ohh dqg P1K1 Shvdudq +hgv1,/ Dqdo|vlv ri Sdqhov dqg Olplwhg
Ghshqghqw Yduldeohv= D Yroxph lq Krqrxu ri J1 V1 Pdggdod/ Fdpeulgjh
Xqlyhuvlw| Suhvv/ Fdpeulgjh1
^47` Nhdqh/ P1S1 dqg G1H1 Uxqnoh/ +4<<5,/ Rq wkh Hvwlpdwlrq ri Sdqho Gdwd
Prghov zlwk Vhuldo Fruuhodwlrq zkhq Lqvwuxphqwv duh qrw Vwulfwo| H{rjh0
qrxv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ Yro1 43/ ss1 45<1
^48` Pdvvrq/ S1U1/ W1 Ed|rxpl dqg K1 Vdplhl/ +4<<8,/ Lqwhuqdwlrqdo Hylghqfh
rq wkh Ghwhuplqdqwv ri Sulydwh Vdylqj/ LPI Zrunlqj Sdshu/ ZS2<8284/
+Zdvklqjwrq= Lqwhuqdwlrqdo Prqhwdu| Ixqg,1
^49` Pdvvrq/ S1U1/ W1 Ed|rxpl dqg K1 Vdplhl/ +4<<;,/ Lqwhuqdwlrqdo Hylghqfh
rq wkh Ghwhuplqdqwv ri Sulydwh Vdylqj/ wkh Zruog Edqn Hfrqrplf Uhylhz/
+iruwkfrplqj,1
^4:` Rjdnl/ P1/ M1 Rvwu| dqg F1 Uhlqkduw/ +4<<9,/ Vdylqj Ehkdylru lq Orz0 dqg
Plggoh0Lqfrph Ghyhorslqj Frxqwulhv/ LPI Vwd Sdshuv/ Yro1 76/ ss16;<:1
^4;` Shvdudq/ P1K1 dqg E1 Shvdudq/ +4<<:,/Zrunlqj zlwk Plfurw 713= Lqwhudfwlyh
Hfrqrphwulf Dqdo|vlv/ R{irug Xqlyhuvlw| Suhvv/ R{irug1
^4<` Shvdudq/ P1K1 dqg U1 Vplwk +4<<8,/ Hvwlpdwlqj Orqj0Uxq Uhodwlrqvklsv
iurp G|qdplf Khwhurjhqhrxv Sdqhov/ Mrxuqdo ri Hfrqrphwulfv/ Yro1 9;/ ss1
:<4461
^53` Shvdudq/ P1K1 dqg \1 Vklq/ +4<<<,/ DqDxwruhjuhvvlyh Glvwulexwhg OdjPrg0
hoolqj Dssurdfk wr Frlqwhjudwlrq Dqdo|vlv/ lq V1 Vwurp/ D1 Kroo|/ dqg S1 Gl0
dprqg +hgv1,/ Hfrqrphwulfv dqg Hfrqrplf Wkhru| lq wkh 53wk Fhqwxu|= Wkh
Udjqdu Iulvfk Fhqwhqqldo V|psrvlxp/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdp0
eulgjh1
^54` Shvdudq/ P1K1/ \rqjfkhro Vklq/ dqg U1 Vplwk +4<<<,/ Srrohg Phdq Jurxs
Hvwlpdwlrq ri G|qdplf Khwhurjhqhrxv Sdqhov/ Mrxuqdo ri wkh Dphulfdq Vwd0
wlvwlfdo Dvvrfldwlrq +iruwkfrplqj,1
^5;`
^55` Shvdudq/ P1K1/ U1 Vplwk/ dqg N10V1 Lp/ +4<<9,/ G|qdplf Olqhdu Prghov iru
Khwhurjhqhrxv Sdqhov/ lq O1 Pdw|dv dqg S1 Vhyhvwuh +hgv1,/ Wkh Hfrqrphw0
ulfv ri Sdqho Gdwd/ Noxzhu Dfdghplf Sxeolvkhuv1
^56` Vfkplgw0Kheeho/ N1/ V1E1 Zhee/ dqg J1 Fruvhwwl/ +4<<5,/ Krxvhkrog Vdylqj
lq Ghyhorslqj Frxqwulhv= Iluvw Furvv0Frxqwu| Hylghqfh/Zruog Edqn Hfr0
qrplf Uhylhz/ Yro1 9/ ss1 85<87:1
^57` Vlpv/ F1D1/ +4<;3, Pdfurhfrqrplfv dqg Uhdolw|/ Hfrqrphwulfd/ Yro1 7;/
ss1 47;1
^58` Vzdp|/ S1D1Y1E1 +4<:3,/ H!flhqw Lqihuhqfh lq d Udqgrp Frh!flhqw Uh0
juhvvlrq Prgho/ Hfrqrphwulfd/ Yro1 6;/ ss1 6446561
^59` ]hooqhu/ D1/ +4<95,/ Dq H!flhqw Phwkrg ri Hvwlpdwlqj Vhhplqjo| Xquh0
odwhg Uhjuhvvlrqv dqg Whvwv ri Djjuhjdwlrq Eldv/ Mrxuqdo ri wkh Dphulfdq
Vwdwlvwlfdo Dvvrfldwlrq/ Yro1 8:/ ss1 67;69;1
^5<`
